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HETEROGENEOUS FOAM MATERIALS 



FIELD OF THE INVENTION 

This application relates to flexible, microporous, open-celled polymeric foam materials 
having two or more distinct regions of different types of foam interspersed so as to deliver a 
desired mixture of properties in a single piece of material. 

BACKGROUND OF THE INVENTION 

Flexible open-celled polymeric foams are widely used for energy absorption or 
insulation (thermal, acoustic, mechanical), filtration, absorption of fluids, and the like. Jn most 
cases, the foams desired for these purposes have relatively homogeneous structures comprising 
cells within a given size range joined by open "windows" or "holes" to adjacent cells. Among 
the various measures of such foams that are important for each application are cell size/hole size 
and distribution, anisotropy, proportion of cell struts to windows, and porosity. Anisotropy can 
arise from the relative deviation between the shape of all the cells in the foam and some 
geometric ideal. In general, work has been devoted to making foams as homogeneous and 
isotropic as possible with respect to cell size and shape and density. 

Polyurethane foams having a range of densities are known materials. For example, the 
"integral skin" flexible polyurethane foams have high density skin layers that transition gradually 
over 1-3 cm into a lower density core region. See for example Ashida, K.; Iwasaki, K. In 
Handbook of Plastic Foams", Landrock, A. H., ED.; Noyes, 1995; Chapter 2, pp 56, 64-67, 
incorporated herein by reference. The overall densities of such foams are typically between 
about 200 and 1,100 kg/m^. These foams do not exhibit distinct regions having different 
compositional or microstructural properties within a single piece. Typically, these foams also 
have higher densities, larger cell sizes and/or larger hole sizes than foams which may be 
preferred for certain applications. 

Foams may be made from polymer networks which have been entangled to form an 
interpenetrating network (IPN). IPNs may exhibit some of the properties of both polymer types. 
See for example Odian, G. G. "Principles of Polymerization", 3rd edition, Wiley-Interscience: 
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New York, 1991. New York, pp 149-150. IPNs do not inherently relate to control over any 
features at a supramolecular scale (e.g.. density or cell size). 

Laminates or sandwiches of two or more layers of foams having differing properties are 
also well known. See for example, Gibson, L. J.; Ashby, M. F. "Cellular Solids" Pergamon 
Press: Oxford, 1988. Chapter 9. Formation of such composites requires an additional step and 
may require use of adhesive which may interfere with the functioning or weight of the foam 
composite and serves as a potential point of failure. 

The development of highly absorbent articles for use as disposable diapers, adult 
incontinence pads and briefs, and sanitary napkins, ii" the subject of substantial commercial 
interest. The ability of such products to acquire, distribute, and store fluids such as are found in 
body exudates (e.g.. urine, sweat, feces, and menses) is obviously critical to their function. 
Historically, this has been primarily achieved by using a combination of cellulosic fibers and 
interspersed superabsorbent particles (generally lightly crosslinked partially neutralized 
polyacrylic acid that forms a gel when exposed to free water). This approach has. however, 
encountered a number of difficulties in achieving efficient removal of fluid from the body of the 
wearer and storage away from the wearer, in part due to the difficulty in controlling and 
maintaining the appropriate blend of particulate and fiber to provide the desired degree of 
capillary fluid transport and core integrity and flexibility. 

Other absorbent materials capable of providing capillary fluid transport include certain 
types of polymeric foams in absorbent articles for the purpose of imbibing, wicking and/or 
retaining aqueous body fluids. See. for example, U.S. Patent 3,563,243 (Lindquist), issued 
February 6, 1971 (absorbent pad for diapers and the like where the primary absorbent is a 
hydrophilic polyurethane foam sheet); U.S. Patent 4,554,297 (Dabi), issued November 19. 1985 
(body fluid absorbing cellular polymers that can be used in diapers or catamenial products); U.S. 
Patent 4,740,520 (Garvey et al). issued April 26, 1988 (absorbent composite structure such as 
diapers, feminine care products and the like that contain sponge absorbents made from certain 
types of super-wicking, crosslinked polyurethane foams). These foams can provide core 
integrity and flexibility but not the desired degree of capillary fluid transport. 

The use of appropriate absorbent foams in absorbent articles such as diapers and 
catamenial pads can provide features of capillary fluid acquisition, transport and storage required 
for use in high performance absorbent cores. Absorbent articles containing such foams can 
possess desirable wet integrity, can provide suitable fit throughout the entire period the article is 
wom, and can minimize changes in shape during use (e.g., swelling, bunching). 

Particularly suitable absorbent low density open-celled foams have been made from High 
Internal Phase Emulsions (hereafter referred to as "HIPEs"). See. for example, U.S. Patent 
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5.260.345 (DesMarais et al), issued November 9, 1993: and U.S. Patent 5.268.224 (DesMarais et 
al), issued December 7, 1993. Other suitable absorbent foams are described in co-pending 
applications U.S.S.N. 08/370,922 (DesMarais et al, filed January 10, 1995); U.S.S.N 08/370.695 
(Stone et a!., filed January 10, 1995); U.S.S.N 08/370,697 (Dyer, filed January 10. 1995); and 
5 U.S.S.N 08/520,793 (DesMarais, filed August 30, 1995), all incorporated by reference herein. 
The HIPE process provides facile control over the cell and hole size and distribution, proportion 
of cell struts to windows, and porosity in these foams. When suitably treated to render the 
surface of these foams hydrophilic, these HIPE foams provide desirable fluid handling 
properties, including: (a) relatively good wicking and fluid distribution characteristics to 
o transport the imbibed urine or other body fluid away from the initial impingement zone and into 
the unused balance of the foam structure to allow for subsequent gushes of fluid to be 
accommodated; and (b) a relatively high storage capacity with a relatively high fluid capacity 
under load, i.e., under compressive forces. These HIPE absorbent foams are also sufficiently 
flexible and soft so as to provide a high degree of comfort to the wearer of the absorbent article, 
< and can be made relatively thin until subsequently wetted by the absorbed body fluid. 

An important issue associated with the fluid handling properties of an absorbent foam is 
capillary structure. Foams having larger cell sizes and hole sizes tend to acquire fluid quickly 
but do not distribute fluid sufficiently against the force of gravity, nor do they store fluid 
effectively. Conversely, foams having smaller cell sizes and hole sizes are able to wick fluid 
against the force of gravity and store the fluid tightly to keep it away from the skin of the wearer, 
but are typically slower to acquire fluid. As indicated, heretofore, these opposing functions in an 
absorbent article have been achieved primarily by layering, in the z-direction, different types of 
distinct absorbent foams which provide different functions. This- adds complexity and cost to the 
process and can limit the product designs desired to those which allow for combination of 
individual pieces. Also, these designs are limited in being able to move fluids by differential 
capillary pressure only between the layers in the "z-dimension N of the articles, i.e., not in the "x-y 
dimension" or within the plane of a given layer. 

Another important issue is the strength or resistance to compression deflection of the 
foam. Foams having comparatively higher densities, higher Tgs (defined hereinafter), and/or 
higher crosslinker levels generally exhibit greater resistance to deforming under pressure. This is 
achieved at the expense of using more polymer per unit volume, having a foam which deforms 
too slowly for practical use, or a foam which is too brittle or inflexible. 

Accordingly, it would be desirable to be able to make an open-celled polymeric foam 
material that combines the various properties listed above as distinct regions within one material 
that: (1) expresses a combination of cell sizes and/or hole sizes in different distinct regions of a 
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singie piece of foam, and/or (2) expresses a combination of strengths and flexibilities in a single 
piece of foam, and/or (3) expresses a combination of energy absorbent properties in a single 
piece of foam. This can circumvent, at least partially, the need to use separate pieces of foams to 
serve different purposes, thereby enhancing the efficiency and simplicity of articles made with 
5 the objects of the current invention. 

SUMMARY OF THE INVENTION 

The present invention relates to a HIPE-derived heterogeneous polymeric foam structure 
of interconnected open-cells, wherein the foam structure has at least two distinct regions. Such 
heterogeneous foams have various applications, such as energy and fluid absorption, insulation. 
io and filtration. 

The invention further relates to a heterogeneous absorbent polymeric foam thai, upon 
contact with aqueous fluids (in particular body fluids such as urine and blood), can acquire, 
distribute, and store these fluids. Preferably, the heterogenous absorbent polymeric foam of the 
present invention comprises a hydrophilic, flexible, nonionic polymeric foam structure of 
5 interconnected open-cells. 

Regardless of whether the heterogeneous foam of the present invention is relatively 
hydrophobic, or is a hydrophilic foam suitable for aqueous fluid absorption, the foam has at Jeast 
two distinct regions that differ with regard to one or more of foam density, polymer composition, 
specific surface area, or microcellular morphology (e.g., ceil size, shape, or distribution, or hole 
size). 

The present invention further relates to a process for obtaining the heterogeneous foams 
by polymerizing a water-in-oil emulsions or HIPE. In one aspect, the process utilizes at least 
two distinct HIPEs, with each emulsion having a relatively small amount of an oil phase and a 
relatively greater amount of a water phase. This process comprises the steps of: 
A) forming a first water-in-oil emulsion from: 
1 ) an oil phase comprising: 

a) from about 85 to about 98% by weight of a monomer component capable of 
forming a copolymer having a Tg of about 95°C or lower, the monomer 
component comprising: 

i) from about 20 to about 70% by weight of at least one substantially water- 
insoluble monofunctional monomer capable of forming an atactic 
amorphous polymer having a Tg of about 25°C or lower; 

ii) from about 10 to about 50% by weight of at least one substantially water- 
insoluble monofunctional comonomer capable of imparting toughness about 
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equivalent to that provided by styrene; 

iii) from about 5 to about 50% by weight of a first substantially water-insoluble, 
polyfunctional crossiinking agent selected from divinylbenzenes. 
trivinylbenzenes, divinyitoluenes, divinylxylenes, divinylnaphthaienes 
divinylalkylbenzenes, divinylphenanthrenes, divinylbiphenyls. 
divinyldiphenylmethanes. divinylbenzyls, divinylphenylelhcrs, 
divinyldiphenylsulfldes, divinyifurans, divinylsulfide, divinylsulfone, and 
mixtures thereof; and 

iv) from 0 to about 15°/o by weight of a second substantially water-insoluble, 
polyfunctional crossiinking agent selected from polyfunctional acrylates, 
methacrylates. acrylamides, methacrylamides, and mixtures thereof; and 

b) from about 2 to about 15% by weight of an emulsifler component which is 
soluble in the oil phase and which is capable of forming a stable water-in-oil 
emulsion, the emulsifler component comprising a primary emulsifler having at 
least about 40% by weight emulsifying components selected from digiycerol 
monoesters of branched C]$-C 2 4 fatty acids, linear unsaturated C fatty 
acids, and linear saturated C^-C^ fatty acids; sorbitan monoesters of branched 
• c 16- c 24 f atty ac ids, linear unsaturated C15-C22 fatty acids, linear saturated 
c 12- c 14 fatTV aci *ds; digiycerol monoaliphatic ethers of branched Cj 6 -C24 
alcohols, linear unsaturated C| 6 -C 2 2 alcohols, and linear saturated C 12 -C 14 
alcohols, and mixtures thereof; and 

2) a water phase comprising an aqueous solution containing; (a) from about 0.2 to 
about 20% by weight of a water-soluble electrolyte; and (b) an effective amount of a 
polymerization initiator; 

3) a volume to weight ratio of water phase to oil phase in the range of from about 20: 1 
to about 200:1; 

B) optionally forming a second, distinct water-in-oil emulsion which is different in at 
least one respect from the first emulsion, but which comprises materials and ranges 
selected from those listed in parts A)l), A)2), and A)3); and 
C) either 

1) a) combining the first and second water-in-oil emulsions in a forming vessel prior 

to polymerizing the monomer components of either of the water-in-oil 
emulsions; and 

b) polymerizing both emulsions to form a polymeric, heterogenous foam; 

2) a) partially or completely polymerizing the monomer components in the oil phase 
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of the First water-in-oil emulsion; 

b) combining the material from step C)2)a) and the second water-in-oil emulsion; 
and 

c) polymerizing the second emulsion, and the first emulsion if combined when 
partly cured, to provide a polymeric, heterogeneous foam; or 
making only the first water-in-oil emulsion while varying the process conditions 
by which it is formed in a regular fashion using a single emulsion forming head 
as described hereinafter. 

In one embodiment, one of the emulsions generated may be poured into a container or 

10 reservoir partially or completely filled with spherical segments or strips of material prepared 
from a previously polymerized, second emulsion. These spherical segments or strips of material 
are thoroughly saturated with an aqueous solution closely approximating the composition of the 
aqueous phase used to form the emulsion added. This mixture is then cured at an appropriate 
temperature to make a heterogeneous foam of the present invention. 

l5 in another embodiment, striped segments of unlike material may be prepared using two 

or more emulsion forming nozzles expressing different emulsions, layer upon layer, in a forming 
vessel; or by rhythmically varying the emulsion-making conditions with the single emulsion 
nozzle. In this case, control over the relative rates of pouring and the relative dispositions of the 
two nozzles provides control over the spatial relationships of the two (or more) different types of 

20 polymeric material developed in the final cured foam. 

In a third embodiment, a single emulsion is produced, but one or more of the conditions 
of shear, water-to-oil ratio, pour temperature, and the like are rhythmically or continuously 
varied so as to produce regions in the resultant foam of different properties. Thus, unlike the two 
embodiments described above, formation of the optional second emulsion is not necessary in this 

25 embodiment. 

In a fourth embodiment, a first unpolymerized emulsion is introduced into a form 
containing a second emulsion which is not substantially polymerized. By introducing the first 
emulsion from a nozzle positioned at the bottom of the form while withdrawing the nozzle, the 
emulsion forms a column or other geometric figure within the second emulsion. The process is 

30 repeated. Slices of the cured emulsion thus posses regularly repeating cross sections of the first 
emulsion in the form of the geometric figure imbedded in the plane of the slice of the second 
emulsion. Thus, regions of differing properties are introduced within a sheet of material. 

In a fifth embodiment, a first emulsion (uncured or cured) is molded or cut to a shape 
that acts as a moid or fits into a mold for an additional amount of a distinct emulsion, which 

35 provides irregular, non-planar cross sections of intimately contacted material in the final cured 
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product. 

In a sixth embodiment, a single emulsion is subjected to centrifugation prior to 
polymerization. Conditions of the centrifugation are mild enough that the water droplets are not 
ruptured to disrupt the emulsion^ but stringent enough to form a density gradient within the 
emulsion. Upon curing, a density gradient will exist in the foam. 

Of course, the skilled artisan will recognize that more than two distinct emulsions can be 
employed, so as to provide a heterogeneous foam comprising regions with more than two 
different properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 of the drawings is a photomicrograph (250 X magnification) of the first region 
of a heterogeneous foam having four regions and three interfaces. 

Figure 2 of the drawings is a photomicrograph (250 X magnification) of the second 
region within the same heterogeneous foam. 

Figure 3 of the drawings is a photomicrograph (250 X magnification) of the second 
interface of the same heterogeneous foam, where individual pour lines intersect between the 
second and third regions. 

Figure 4 of the drawings is a photomicrograph (250 X magnification) of the third region 
within the same heterogeneous foam. 

Figure 5 of the drawings is a photomicrograph (250 X magnification) of the third 
interface of the same heterogeneous, foam where individual pour lines intersect between the third 
and fourth regions. 

Figure 6 of the drawings is a photomicrograph (250 X magnification) of the fourth 
region within the same heterogeneous foam. 

Figure 7 of the drawings is a photomicrograph (30 X) of the first of the three interfaces 
within the same heterogeneous foam. 

Figure 8 of the drawings is a photomicrograph (30 X) of the second of the three 
interfaces within the same heterogeneous foams. 

Figure 9 of the drawings is a photomicrograph (30 X) of the third of the three interfaces 
within the same heterogeneous foams. 

Figure 10 is a top-plan view of a catamenial product having a heterogeneous foam of the 
present invention as an absorbent member. 

Figure 1 1 is a cutaway depiction of a disposable diaper that utilizes the absorbent 
polymeric foam of the present invention as an hourglass-shaped fluid storage/distribution 
component, optionally in an absorbent diaper core of dual-layer configuration. 
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Figure 12 of the drawings represents a cut-away view of a form-fining article such as a 
disposable training pants product that employs an absorbent polymeric foam according to the 
present invention as an absorbent core. 

Figure 13 of the drawings is a perspective view of a single piece of heterogeneous foam 
5 of the present invention having three distinct regions, where the middle region is a relatively 
large celled structure and the two outer regions are both relatively small celled structures. 
Alternatively, the distinct regions may differ with regard to capillary suction specific surface area 
per volume. 

Figure 14 of the drawings is a perspective view of a single piece of heterogeneous foam 
to of the present invention having 5 distinct regions. 

Fieure 15 of the drawings is a perspective view of the same foam structure as that 
depicted in Figure 13, where the foam is c-folded so as to provide a structure having a relatively 
large celled structure on the top and a relatively small celled structure on the bottom. This foam 
structure is particularly suited for use an absorbent article such as a catamenial pad, and provides 
15 both an acquisition/distribution layer and a storage layer in one piece of foam. 

Figure 16 is a perspective view of a single piece of heterogeneous foam having 
discontinuous spheres located within a discrete, continuous region. 

Figure 17 is a crossectional view of the side of a single piece of heterogeneous foam of 
the present invention having discrete regions in the z-direction (i.e., thickness) of the foam. 
20 Figure 18 is a perspective view of the same piece of heterogeneous foam shown in 

Figure 17, again showing the discrete regions in the z-direction of the foam. 

Figure 19 is a photomicrograph (250 X magnification) of a heterogeneous foam having 
discrete, unconnected regions dispersed in a continuous region. The photomicrograph is believed 
to be taken at the interface of the continuous and at least one dispersed region. Suprisingly, no 
25 discontinuity is observed between the regions. 



DETAILED DESCRIPTION OF THE INVENTION 
I. Heterogeneous Polymeric Foam 

The foams of this invention are heterogeneous, open-celled foams. The heterogeneity 
jo relates to distinct regions within the same foam which are different in terms of any of the 
parameters of cell size, hole size, polymer composition, specific surface area or density. The 
distinct regions are on the macro scale, typically at least millimeter scale dimensions. The foams 
are preferably of relatively low density having aggregate densities less than about 50 kg/m-> 
(0.050 g/cc). "Open celled" refers to foams wherein the majority of adjoining cells are in open 
35 communication with each other, defined more fully below. These foams are preferably prepared 
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from HIPEs. as described in more detail hereinafter. 

The general utility of such heterogeneous foams is broad. For example, foams mav be 
specifically formulated to absorb around a specific frequency of sound' energy at a given 
temperature. Two frequencies may be absorbed by sandwiching two distinct, optimized layers of 
foam together, requiring an additional process step. The foams of the present invention may be 
constructed so as to comprise distinct regions optimized to absorb around two or more specific 
frequencies without the requirement of lamination of two dissimilar pieces of foam. 

In filtration applications, the hole size and void volume of the foam governs the 
efficiency of particulate removal as well as the flow Testrict ion applied to the filtered fluid. A 
heterogeneous foam of the present invention may be constructed with regions of small holed 
material interspersed amidst regions of larger holed material so as to filter fine particulates 
without obstructing the flow of the fluid through the filter. In a recirculating filtration system, 
the finer particles will eventually be trapped by the smaller holed regions of the heterogeneous 
foam. 

Yet another similar concept applies to absorbent foams wherein a foam of a relatively 
larger cell size and hole size may more quickly absorb fluid in an absorbent article. Such foams 
are typically layered over absorbent foams having relatively smaller cell sizes and hole sizes 
which exert more capillary pressure and drain the acquired fluid from the upper layey, restoring 
its ability to acquire more fluid. The composite structures well known in the art are limited by 
the ability to join two separate layers of material, including foam, suitably and conveniently. 

The foams of the present invention may be so constructed as to provide the properties of two or 

more separate pieces of foam in one material without any intermediate joining step. 

A preferred use of the foams of the present invention, is. as absorbent core materials in 

absorbent articles for use as disposable diapers, adult incontinence pads and briefs, and sanitary 

napkins. 

The foam material of the present invention contains at least two regions that differ with 
regard to their chemical and/or physical make-up. As used herein, the terms "distinct regions" 
and "distinct foam regions" mean that the regions differ with regard to one or more of foam 
density, polymer composition, specific surface area, or microcellular morphology (e.g., cell size, 
hole size). The difference(s) between the discrete regions will be readily measurable. For 
example, if the difference(s) relates to microstructure, the mean cell diameter or the mean hole 
diameter in each region should differ by at least about 20%, preferably at least about 35%, more 
preferably at least about 50%. If the differences relate to density, the densities of the distinct 
regions should differ by at least about 20%, preferably at least about 35%, more preferably at 
least about 50%. For example, if one region has a density of 0.020 g/cc, a distinct region should 
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have a density of at least about 0.024 g/cc or less than about 0.016 g/cc. preferably at least about 
0.027 g/cc or less than about 0.013 g/cc. and most preferably at least about 0.030 g/cc or less 
than about 0.010 g/cc. If the differences are compositional in nature, the differences should 
reflect a relative difference in at least one monomer component of at least about 20%, preferably 
35%, more preferably at least about 50°/o. For example, if one region is composed of about 10% 
styrene in its formulation, a distinct region should be composed of at least about 12%. preferably 
at least about 15%, or no more than about 8%, preferably no more than about 5%. Where 
heterogeneity is based on differences in cell size, if one region contains cells having a mean 
diameter of about 100 pm, a distinct region should contain cells having a mean diameter of fess 
than about 80^im, preferably less than about 65 urn, most preferably less than about 50 urn. 
Where heterogeneity is based on differences in hole size, if one region contains holes having a 
mean hole diameter of about 20 jam, a distinct region should contain ceils having a mean hole 
diameter of less than about 16 ^m, preferably less than about 13 |im t most preferably less than 
about 10 u.m. Often, the differences will be as exaggerated as possible, though this will not 
always be desirable. The differences in regions may comprise all three types of differences 
discussed above in the ranges indicated. Also, more than two different regions may exist 
wherein the differences between the three or more distinct regions encompass the same 
difference ranges discussed above. 

Although the foams of the present invention require distinct regions so as to be 
heterogeneous, these foams may possess a continuum of properties between regions. That is. 
while in certain embodiments there will be a relatively abrupt change in properties when moving 
from one region to the next, other embodiments will have a more gradual change of properties 
between regions. 

Where two or more emulsions are employed to provide a heterogeneous foam, the term 
"distinct emulsions" means that the emulsions will differ to such a degree that their 
polymerization provides a foam of the present invention, i.e., having the requisite discrete 
regions. The skilled artisan will recognize what aspects of the emulsions (e.g., monomer 
reactants, water-to-oil ratio) and/or the conditions for their processing (e.g., shear rates, pour 
temperature) can be altered to provide foams having the requisite distinct regions. Where a foam 
is produced using one emulsion, processing conditions will provide the desired differences 
between regions. 

Since the foams of the present invention have, by definition, distinct regions having 
different properties, the properties of each region may best be measured by using a homogeneous 
foam prepared in the same way. Some measurement techniques require sample sizes and shapes 
that are incompatible with the need to distinguish the different properties of each region within 
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the heterogeneous foam. Measurements made on the composite heterogeneous foams in general 
will reflect by definition a volume or surface area averaged property of the distinct regions unless 
the measurement is made at a scale smaller than the size of the distinct region itself. 
A. General Foam Characteristics 

The multi-region foams of the present invention may comprise a dispersed, unconnected 
region(s) and a continuous region. The dispersed, unconnected region(s) may be in the shape of 
irregular spherical segments, or larger irregular shapes embedded within a continuous region of 
dissimilar foam. Alternatively, the distinct regions may be alternating stripes or swirls 
continuous in only two dimensions. Generally, the foam will consist of a region of discontinuous 
separated material of like properties dispersed in a region of continuous material having a second 
set of properties. 

The ratio of the volume and/or weight fractions of each region is obviouslv important, 
and is readily varied. Preferably, for foams having discontinuous segments, at leas! about 10% 
of the foam volume will be the discontinuous segments or the effect may be too small to be 
beneficial. No more than about 90% of the foam volume will be the discontinuous segments or 
the effect may dominate the collective properties of the composite foam. Preferably, between 
about 20% and 50% of the volume of the foam will comprise the discontinuous' segment 
volumes. If the foam is comprised of two or more continuous regions, each having distinct 
chemical and/or physical properties, preferably between about 20% and 80% of the foam volume 
will comprise one type with the balance being the other type(s). There is in principle no limit to 
the number of different regions which may be interspersed to provide a given foam of the present 



invention. 



There are several advantages in using heterogeneous f6ams. When irregular spherical 
region(s) are dispersed in a continuous region (as is depicted in Figure 16). the spherical 
region(s) may consist of a strong, low density polymer which is resistant to compression but 
which is too brittle or too high in Tg to use as a continuous sheet. A composite foam consisting 
of brittle or high Tg region(s) interspersed in a continuous matrix of flexible, tough absorbent 
polymer will retain the desirable properties of the latter. This composite foam can be made at 
lower density than a corresponding homogeneous foam. The density of the entire foam will 
reflect the weighted averages of the densities of the different regions. Such a foam can derive 
strength from the rigid sections which will have less tendency to collapse under pressure. The 
continuous flexible section provides the flexibility of the entire foam which would be lacking in 
a foam consisting only of the rigid polymer. In an alternative embodiment, discrete, unconnected 
regions may be dispersed in two or more discrete continuous regions. 

In addition to modifying the polymer properties of the regions (e.g., Tg, density. 
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brittleness). the microcelluiar structure can be varied as well. This is particularly useful in 
combining several types of fluid handling properties in one piece of absorbent foam. For 
example, a foam having different regions with relatively higher and lower fluid capillary 
pressure can be developed. This is particularly useful when the regions in the foam piece are 
continuously dispersed rather than as discontinuous regions. By this method, stripes of material 
with larger cell sizes and hole sizes are interspersed with stripes of smaller cell sizes and hole 
sizes. (See Figures 13 and 14.) (Of course, other properties, such specific surface area per 
volume may also or alternatively define the differences between the regions.) The larger 
cell/hole size region will be well suited for fluid acquisition and wicking, and the smaller 
cell/hole size regions will be better suited for fluid distribution against the force of gravity and 
storage. These stripes can provide for faster wicking along a preferred direction in an absorbent 
article, thereby keeping fluid away from the edges of the article, which is particularly useful in 
catamenial products. In one embodiment, the heterogeneous foam may comprise one relatively 
large stripe of large celled, large holed polymer positioned between two smaller stripes of small 
celled, small holed foam. (See Figure 13.) This three-region foam may then be C-folded to 
produce two layers (see Figure 15), each having a distinct fluid capillary pressure, making the 
foam suitable for fluid movement within an absorbent article without using a multiplicity of 
unwind stands for the materials. 

Alternatively, as depicted in Figures 17 and 18, foams of the present invention may be 
prepared such that the transition from one region to another occurs in the z-direction (i.e., 
through the thickness) of the foam. 

Polymeric foams according to the present invention useful in absorbent articles and 
structures are those which are relatively open-celled. This means the individual cells of the foam 
are in complete, unobstructed communication with adjoining cells. The cells in such 
25 substantially open-celled foam structures have intercellular openings or "windows" (referred to 
herein as "holes") that are large enough to permit ready fluid transfer from one cell to the other 
within the foam structure. 

These substantially open-celled foam structures will generally have a reticulated 
character with the individual cells being defined by a plurality of mutually connected, three 
dimensional ly branched webs. The strands of polymeric material making up these branched 
webs can be referred to as "struts." For purposes of the present invention, a foam material is 
"open-celled M if at least 80% of the cells in the foam structure that are at least 1 in size are in 
fluid communication with at least one adjacent cell. 

In addition to being open-celled, preferred polymeric foams are sufficiently hydrophilic 
to permit the foam to absorb aqueous fluids in the amounts specified hereafter. The internal 
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surfaces of the foam structures are rendered hydrophilic by residual hydrophilizins surfactants 
and/or sa.ts left ,„ the foam structure after polymerization, or by selected post-poivmerization 
foam treatment procedures, as described hereafter. 

Preferred hydrophilic.' absorbent foams of the present invention will have at , east one 
5 reg.cn particularly suited for acquisition/distribution of body fluids, and at least one re K ion 
particu.ar.y suited for storage of body fluids. Copending U.S. ap P , ica «ion numbers 08/370 69< 
filed January .0, ,995 by Stone et al. (Case 5544). and 08/520.793. filed Aueus, 30 .995 bv 
DesMarais (Caes 5807, describe f oam properties particu , arly ^ ^ 
acqu.su.on/d.stnbution. Copending U.S. application" no. 08/563,866. filed November ^9 .995 
o by DesMarais et al. (Case 554.C) describes foams properties particularly suitab.e for fluid 
storage. The d.sclosures of each of these applications is incorporated by reference herein The 

r , I" W '"; eC ° gniZe th3t thC ""*«*■ «- ^ese copending applications can 

rea ,.y be prov.ded ,n regions of the foams of the present invention, as desired. Moreover 
pre erred ranges for the various foam properties described in these copending app.ications are' 
applicable to the certain of the present hydrophilic foams. 

™ e ; Xten < IO Which ***** PoL-eric foams of the present invention are 
hydroph.l.c can be quantified by the "adhesion tension" value exhibited when in contact with 
an absorbable test liquid. The adhesion tension exhibited by these foams can be determined 
expenmenta.ly using a procedure where weight uptake of a test liquid, e.g.. synthetic urine is 
measured for a samp.e of known dimensions and capillary suction specific surface area Such a 
procedure ,s described in greater detail in the TEST METHODS section of U.S Paten, 5 387 -07 
(Dyer et aK) issued February 7. .995. which is incorporated by reference. Foams which le 
usefu. as absorbents in the present invention are generally those which exhibit an adhesion 
ension value of from about 15 to about 65 dynes/cm. more preferably from about 20 to about 65 
dynes/cm as determined by capiliary absorption of synthetic urine having a surface tension of 65 
- dynes/cm. After compression, and/or therma. drying/vacuum dewatering to a practicable 
extent, these po.ymeric foams may have residua, water that includes both the water of hydration 
associated with the hydroscopic, hydrated salt incorporated therein, as well as fre wate 
absorbed within the foam. 

For the foams of the present invention to be flexible for their intended use. a, least one 
cont.nuous region of the foam must exhibit an appropriate glass transition temperature (T e ) The 
Tg represents the midpoint of the transition between the g.assy and rubbery states of the 
polymer. , n general, foams that have a higher T g than the temperature of use can be verv strong 
but w,H also be very rigid and potential.y prone to fracture. Preferably, regions of the foams of 
the current invent.on which exhibit either a re.ative.y high Tg or excessive britt.eness wi,f be 
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discon.inuous. Since these discontinuous re gions ,i„ aJso genera|(y ^ , . fc 

::: e PrePared . , wer densities without compromising ; ^j:::^^ 

Foams intended for applications requiring flexibility should conta" , 

- -mucus region having . Tg as Iow as ^ _ { » * » nta.n at ta one 

stre ngth at in-use temperatures. Preferably, the T g of this region wi„ be , e s Z ^ • 
foams used at about ambient temper condition , more prefcni b«y 1^ h ^ ^ 
foams used in appiications wherein the use temperature is hilh ^ 2 °° C For 

of the continuous region should be no m ~ & °' ^ ^ 3mbient - Tg 

5 snouia t>e no more that 0°C ereater th„„ .u 

•o preferably the same as use temperature a „rf V "* tem P c ™"re. 

^mperature, and most preferably about IO°r i„ 
temperature wherein flexibility is desired A«v»vr r S than use 

cha,„ tart of .he a,M g ro „ p on fc ^ aad *J^j£2 ""' "* 

would he priced from fc Tg of the homo|ogouj ^XTITwr T *- 

-< been found that the homologous series of alkvl mi , Specially, it has 

of ,„« presen, invtMta occ>lrs „ . cha „ fc J 'J ^ ™ Tg of ,he 

-,h,^, hsirava „ 8bi ,^ iscumMljcMremeiyiim .;^'- - *• ac^.es .no 

A plo, of modulus versus ,e„,pera.ure for thcse ^ f 
■ncludmg ,he gl aS s .ransi.lon m te "". ™ w ' ><»P.™u,e rauge 

or ,er_ This shape is parHcularlv ~ " 

broader gl, S s-,o.rubber mbWo, „ g i„„ M mea „ „„ Te ' F< * «™P^ ■ 

- - P^roer „i„ evidence grea,er rigid* J3t ^IT™ 
n»ns„io„ is sharp and comp,e,ed a, in- U se .emperarure .hen ,» * "* 
-ove^ fron, compression »hen w e„ed „i,h ZT',' 

con.ro, ,he T g and ,he b re a d,h of ,h* ^si,™ ,e 8 i„ ^"tT h " " 

mechanical properties (The T, ,«* ,h ml Poijme, ,o ach.eve .he desired 

— V, Lperal llfro: ^ ~ *** ^ «« - 

^crihedin.heTes.Me^s^UZ; ^ ^ ™~ - 

In one embodiment of the present invention, the polymer of th, H - 
the foam may have Tg's hicher th.„ k- discontinuous regions of 

Tg h, g her than amb.ent or use temperatures. This efficiently deveJop's 
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residence to compression deflection « 0 the extent that such seEm 

«*.nuous matrix of low* T g materia , Ge „ a " "^orated wilhin lhe 

about 30° C t o about 95°C, p ref e rablv from ab „ c f " § ma,er ' a ' ^ - Tg from 

between from about 40'C and about 60°C For uses 1 t ^ ^ m ° St <^erab,v 

5 ° f th,S P " aSe is « 'east about ,0>C greater t " 'g 

J"*"!" «" * — Hng step describ^^ 1 T""" " ^ 
d,sco„t,„uo U s regions m . y * . f ^ P"»">a,, even higher Tg 

Pressurized water > 100'C). However, the effect on " * ^ ,CChn, ^« <" 

for appJica(ions at rQ0m temp ra u ^ ^ increases in the Tg , 

Action of temperature which g eneL y ^ ^ « ■ 

below the actual Tg. P ° n S enera 0 by about 50°C above or 

*" " *-*" * *• — g foree ' h k " P * collapsed res i M re „, ve , y 

«xpertae„, s wh „ e tte expanded C ^ ' * «- 

«» coined p,,^ ^ > Tne e,p„ sion 

"a) • <- - ^ie.,1, from , „ ££^."7** " *« 3 » 

us - pa "- ^- t .,, teued Fe j a ; r ^" ;:t resT methods 

For ,he pun ,„ S e S ^ ' >■ » •»» by re re„ nce . 

7 ^ " WW-*- -« for e^p i "1 R ~" t "*'**—*.«. 

hereof. ,ha, „„ ^ „ . T j^p "f *" — «■ - ■*«. 

— ™ , =: 
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surface area that is measured during wetting of the dried foam „ 

^ expanded foam structure a fter wetting ,o Lrati r t " ~ ^ «* * 
dried. collapsed foam structure. The tendency of a give! ^asuremem of the 

remain in the collapsed state is a function of its specific surfacl ymenC f ° am " ^ rCgi ° n ,0 
' *. -dulus of the polymeric f oam or f oam re^I^T ^ ^ ^ "* 
the present invention having one or more regions with a specif"' s^T ^ aCC ° rd '' ng * 
va,es of at least about 0.025 m 2 /cc , preferab|y ^ > ^-ea per foam volume 

least about 0.07 mV have been found empiricallv to r, m • • ^ prefenb, 3 r at 

•hat region (unless the polymer modulus oH tm o " ' ^ <° 

» ^ T , may applications, These ^1^^^ ^ ^ 

.rage. (See application no. 0^1, J^^TZ 

For regions that will provide fluid acquistion/distribution these re.io ,, 
have a specific surface area per volume of up , 0 about 0 06 S I ' 
» » ^ou, 0.0* m2 /cc , more preferafaJy ^ ^ 7^ ^ *"* "« 

from about 0.008 to about 0.02 m2/ cc . (See U.S. application no 08 520^3 ^ ~" 

"Capillary suction specific surface area" in gen a , . '^'^^'l 
accessible surface area of the polymeric network form! ° f ** "^V"' 

« - -rial (polymer strultural ^p^'^^^-* T~ 
o specific surface area is determined both by the dimensions o e ^ V? 

reg,ons. and by the density of the polymer, and is thus a way of ou ^ " " 

so.id surface provided by the foam network to the ^ tha 1 ' ^ ° f 

absorbency. CXtent that such a surface participates in 

C - Free Absor bent Ca pacity 

Another important property of certain absorbent foams of th, n 
free absorbent capacity. Tree absorbent capacity" is the 2 a T* ' nVenti ° n " 

be synthetic urine, water, menses or an o™ , ° f nuid ^ hich ™v 

' menses > 0r an organic solvent) which a civen f„ am 

. ni c, es fM , bMrtl „ 8 a , ueous nuidSi *j^*'r™ a >r*' in 

should have an aggrega* f«= ab MrbeM capacity „ ilh symh ' , *' PTCSe,U """'*'» 

n^ria,. T„, pr0 c edu « fcr ,„ ermini „ 8 ,„ e ftee ^ - P- •» of foa m 

*. TEST METHODS se =,io„ of U.S. Pa M „ t 5,387.20, "oT«l , 17 " """^ 

- o^o ra „ 8 « are ^ for over>1 , f Lt o ;: 'r::^ 
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resulting from the density differences disced above Any m , 

S3me V ° ,Ume rati ° ° f - regions as a larger piece 0^7 ^ ** 

—red capacity, ^ ^ ^ ^.^» «- a representative 

segments of the foams and then a volume average C .L« °" h ° mo ^eous 

aggregate value. 386 ca,cu,al '°n may be used to determine the 



D. 



Resistance to Comnjesgj^D^^ 



K»»->amn iJPTi^ Unn 

An important mechanical feature th* 
O .he e* K „, ,„ wllich ^ p , ' ' * '""J *"* » ™»„g ): 

" - ' W« rtcd"), - - «*. *- o-«* . 

— — S e para ,e ly . A 5Mra ~ "T" 7 »« «»« va, UK which 

.he load will be resisKd " " """"I 0 """«< "thogon.Kv ,o ,„e 

Ke singer region, .„ disf .„ ed aj "° efife «'" A foam whcrein 

<"«^rt*.*:. beg,;:;;:: 5 un "' ,he> haw c ~ 

«'"P«0, cemin foM, of ,„e „„»„, inv „, " *^ "* '» ""oroeo, a „ ieles sucb „ 
~» * forces e_„ „ use ™ I * »• ««* « sisIant , 0 deformaliM 

f "CD may be lble . ^ -«•*. fo» .re^ „ 

ob«.o Usly a ls o rel ev anIi „ usesofftKefMm ™ des «•*» .he foam. RTCD is 

P-co,ar ^ of tts , , dcscribed ; EST d ^ O- ".ethod for easing „ u , 

METHODS S ec„o„ of f.s. Palem S j s ,., 07 
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(Dyer et al.) issued February 7 1995 Fmmc r . 

-co ^ ta . j Pres ;r of ~« « - ,. ibi , . 

•OH o, less compression of , he roam ' ^r*" * S ' rai " ° f *bou, 

- P-ue=d MO er snch conditions ,„ be , ^ *■ -* 

■he P~. i„ve„, io „ wbich a „ „„, ^ ^ J« »*■ The RTCD of foams of 

may appropriately be measured in the drv stale n„. t-„ , . "* '" absorbe »' Products 
orientation, geometry, and v0 , unle f ,„ r„Tl? s r * W '" - *• 

» « *• -CO valnes measured due , 0 - • effect 

E - Other Properties of Polvm^.v c , 

Foam ceJIs. and especially cells that are formed by polvmerMn. . m 
el Phase that surrounds relatively m 0 „omer-free yJ^TV 
substantially spherica! in shape. The size or "diameter of hs * 
» «- parameter for character^ foams in ^ ^ ^* * ' — n,y 
connecting the cells is used in characterizing such foams. d^T " * ^ 

a g.ven sample of polymeric foam will not necessarilv b, «r betWee " CC " S in 

- - U. mean Ce „ diameter, and/or a ZZ^ ZZ^ ^ ^ ' ~ 
the present invention, each region may possess a diff F ° f f ° ams of 

contain cells of mean diameter of 130 m , or , „,„„„ . , .. e ' e - °"= "8'»" may 

-I beanie ce„s being ^ abo ^ £ ^£1*17 ^f" * « ^ ° f 
«* whii, the nistinc, ,e 8im may conuin 1 , 0 !Z 1 """" **~ '« '" d * 

i.^wi^o.of.,,^: unr f50 r <™ - 

overlap though the means will be quite distinct ° reg '° nS 

- *~ -o,ves a simple measurement ^ 0 °„ ^ Ph"/' 2 ' "* 

foam sample. Figure I, f„ r example, shows a typical H.PE „ phM ° m '"°S'"P" of a 

present invention in i, s expanded at.,. c iI '" C,U " ! •» 

^,i„ 8 ad ta e„sionofX:t:i ha r::::::r d r micw - - - 

Tl-e cell and hole size measurements given herein are based on the - 
-*»d numberaverage hole si.eof the foam in its expanded staT! tZ 7* 

e.g., as shown tn Figure I. 
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Preferred foams of the presem inven , on 

; CqUIS,t, ° n ° f fluid h -ng a mean ce., dieter of from I "7 ^ ^ «* 
^ ab ° Ut 50 * .90 M m, and most preferabK m h * ^ 2 °° ^ " ref -b.v 

hole size of from abou, 5 t0 about 45 ^ J ^Z " " * ^ ,8 ° ^ " - -n 
Preferably from about 20 to about 35 L tT7 ' * ^ <° 

Mm, and most 

5 ,o about 35 w and . mean hole ; *- «. «. p ref e„ bly from 

*Foam density" (i e in /* — ■ 

■nnre fo™ eve„ when dMnc , * 

•* de„ sili e s would simply ^ •rp^-r 

» d ,,, c , ^vcrsrr 7 r snd 001 ^ •* * 

*•«. of more fl« iW e f Mm w „, wica ^ ab »»' •* «d 0.0 05 ^ 

foam h a v,„ g . dei , sio , of „ „, ^ 8 30/. or , B volume „ , 

» ^. Toe eal e ulaKd ^ dCTsi ^ f ^ f'™' ' **• •« ^.„ s . dens ,^ „ 

The proC e d „ re for m " ^ ' ^ <* *°« 0.024 ^ 

—* e. S .. re.idoa, salls and ^ £ » f *-W -.e™,^ res ,, M , 

P— . - .he ^ foam . Such resi . dosl ' »*- soch M emulsifiers 

«»« n. at erial. m * ,ena,! c » «ntr,b utt signi „ cam masj ^ ^ 

Preferred absorbent foams will ;„ , , 

of „o id mroU8 h ,he foam ^ „ ^ " ° f « A) ^ of 
«— wi.h which ,he foam «. ba „ c J °J™ ( > m "°°> *" •» compe,,,, absor J 
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Vertical wicking, i.e., fluid wicking in a direction opposite from ■ • 
especially desirable performs attrjbute fof P £ ™ f ™ ~™, force. „ an 

gently be u,i,i 2e d in absorbent articJes , . ^ ^ ™~ *»,, 

-^i thinth e articie ^ marelative|yIow osftio e ^ ^ ^ absorb must be 

5 ^sorbent core of the article. Since rapid wickin* tends to K * P ° S ' ,,0n wi,hin ,he 

Accord.ngly, the ability of specjfic ^ ^ 'J ~*ed can be purred. 

gravitational forces is particularly relevant to ,h,J, f • * rap ' d,y a 8 ainst 

absorbent artic.es. ' ' '° thC * r T ™™ m * « absorbent components in 

" Vertical wicking is deterged by measuring the time taken f 

e-,. synthet.c urine) in . reservc , r to w , k . ^ ^ test ,i quid 

foam of specified size. The vertical wicking procedure is descrLd * 3 "* ^ ° f 

METHODS section of U.S. Patent 5 387 207 ,» , ^ ^ in the TE ^ 

^orated * -rence)^ 
* absorbent articles for absorbing urine, at leas, certain of the d ',• eSPeC '' a " y USefU ' 
absorbents of the present invention will pre fe rably JcTsy n het ° f ** 

M* of 5 cm in „ 0 more than about 30.^ Z^T^ ~ + 5 «~»> - 3 
preferred foam absorbents of the present invention wick ^ TT ^ 
more than about 5 minutes. me t0 a he, S nt of 5 cm in no 

The vertical wicking absorbent capacity test mea,,,™ ,•. 

-»ad. after ,he sa mpl e has beeo ^ ,„ 8 ' _ ^ * S ener„„ 

about 18 hours). Like the vertical wiekin* , fc =9ml,br,»m (e.g.. alw 

bribed i„ 8 rea,erde,ai, i„ the ^^O^T ^ « " 

«» ,o wick Md v,Ia„ v (See ^ Ch "7- r" ^ " ferS 10 *»* ° f *« 

1 K - Cha tterjee and H. V. Neuven in » a u 
Science and Technology, Vol 7- P K rh*„~ • c „ Absorbency," Textile 

prostatic he. a, which the vertical* „, ked « ,^£7 " V"" " 

capacryu.de, equilibrium conditions „ 3 >c. The hydrosutic hi a " S0 "" ! '" 
°f fluid (e. 8 .. sy „,he,ic urine) of hei8ht h yi '°*" K hs * d 15 "l««-<e<l by a colu™ 

- be especial,,, in absorbcm ^ for ^ ^ ^ ^ ^ ^ 
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region, of tl , eprefmedabsorljeii[fi> 

ao»rp,io„ pressurc „ „ ^ abM( |o ^ £™ - »„ on w ,„ general|y ^ a ^ 
.b S on,„o„ pressures of fmn abou _ it io presenI ,.„„„„„„ w ^ ^ 

e. w ™«„, ally ,„ mmure a „ J Since i, is nm „ 

• foams of this invem ,,„ wherejn h ^ »» ■*» *. he Krogt „„ us 

*«» n „ mcasured o J J- - «- » irea „ 

*«« r tg ,0„ s of ,„a te e,„ge„„ us foam , „ *T ""I— *■»!(,, , 0 , hc 

-pnta, ,„ sorpiio „ pressu „ * 21 ' " nd 441 c ° mpri * «•>» 

A - General 

«~* know „ „ , he ,„ as « ■* «. of w ate , phase „ „, 

pol^eri.a.ion of such emulsiMS „ rrf — *b which ,«„,, from , he 

»ffl=»n.l, ,0 P-ide .he dis.inc, regions of ° ^ « *= «P Es differ 

'T ims - -* -* — - dr:^ t; Wkm * - -» **« 

«*«m*^* fcM * w J l £ ,, '■ , ■^ W». in ,he ra„ g es 

The relative amounts of the wat^r,^ •, L 

-o- P a ram «c,, ^ , - . *» fc ««,., sre , among 

™ ° f *■ Poi^cic foa„,s ~" - P-*«J 

-a of *. co TOp o„ ding regio „ s * «^ »• - c. P i,^ suc , i(ln spec . fic 

m " V""" b *"< ' vote. ,o mieb , mi0 of m?B °f «.e Pr «en, i„v e „,io„ 

5.3,7,207 (D^ca,., i 5sllc<i - bribed in dcaii in „. t 
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1. 



Oil Phase Component 



The continuous oil phase of the HIPF/c\ ^ 

*. ^ nis m ,z?: r ;;~ *- - - 

• copolymer having . Tg of a6 o„, 35-C or ,ower or .J, , *' ^ f 
> listino, ph as , h „ ta fonTOl in , hose ernb()<|i r <>" which 

faired. Where s u c„ differences are desired wic J' " " Tp is 

in the TEST METHODS section ) The m n„ " } " ( ° MA) 15 descri ^ hereafter 

nv. ..7 5 . m.,,,., w „ Ieas , onc monofunctioral z^ZT r "~ Y * 

- of .he foam: W a firsl polyfunc , fon „ « 

second p„lyf u „ c , taa | crocking agent St , ec ,. . "* " e a S e ™- ">° «> optionally a 

■mporun, ,„ ,. ali2atio „ of H , pE ' «ZlT? » ^ * 

mechanic,,, an, „ uid (whe „ fc^/are ^ro " Sm "' Ure - 

material, s „ itab le for „» in , he ^ TO Sre dB "«<> which render s „ch 

moleclar weigh, (greater,!™ 10,000) .actio .moroho ' , """ , °" , " S ™° Pr0,tee ^ 
-ower. Monomers of ,h, W e ^ZZ^^T 17 ^ " ^ ^ °' 
acrylate. hexyl acryfae, ocryl acrylate i .,h>I ^ M) * aC "" a ' eS S " Ch " "«*' 

«cry,am,de, (C 4 -C 12) a M st yre„ es s „ ch as " 

— . isodeey, aery,a,e, dodecy, ac^,a,e and 2-e.hylh «y [1 « 17"'' " *~ 
T* monof^or.., w „, » - - « n,« preferred. 

*" 40 » >b< "» «*• ««« of *e monomer conrponen, ""^ 

He monomer component milired in .he oil ph.* of*. HIPEf.) a l,„ , ■ 
more monofuncional comonomers cao.1,1. „f ■ • c°mprae s one or 
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reg-ons exh,b lt the ability t0 defom ^ 

COm ° n0mer »"« Ca " fcl-de serene-based co.ono.ers , e « I 

o«her m onomertvpessuchasn ie ,h y , m ethacr y ,ate where the a t hT" ^ ° f 
as exempting t0Ug h„ ess . The preferred monofuncnonaJ co 'on "T^" » ^w„ 
* based monomer with sryrene and ethyl styrene beinTh ^ '» 3 

Tne monofunctiona, , oughen , V JJ^^l .7 ^ ° f 
«. P-rabiy from about lS% J about C« ^ ^ '° " *« 5 ° 

weight of the monomer component ' ' m lboul l8% to *<>ui 22%. bv 

combined. Weal monomer and comonomer 

The monomer component also contains a fim f,.j ■ . 
» a 8 e„, As „i,„ ,He monofuncon , I" " *"<""" l-W-*- 

P.n i cn 1 a,^ ar ,a m „„„ t o fcross ,,, k J ~ — ■ «,c,io„ of ,he 

Irenes, div,„y„o„,e„es, divinv^enes d 7\ ^"^enes. , rivi „ v , 

<™nylphe„ a „,„ re ,« s , divi„y, b i ph y .benzenes. 

— .hereof. DiWnylben2e „ e „ ^J^ZT^ dW ''^ ~ 

proponionsof.boo.55^. These proportio „ s * " " ' ""*""« «"* «W sryren. in 
o»« or me omer component Ceneral, , i, is l~» «» * 

"Xnme componen, while sim„ ltt „e 011s , y '° "» .he «hy, 

*- Preferred ra„o of V^^^T" ? * ~ «~ 

Preferably from ,„„„, 33:6S l0 ' from '*« ":7c 10 5J: < 5 . 

^ - retired ,o u8 h„ess wi,ho„, ^/^V"* ""^ 

degree tha, sryrene does. This firs. cross-linlnW . reS °'"" 8 '"^er .o me 

H,P E in an , wmm of ^ afco ~ ' * - - oil phase 

J*, mos, preferabiy from abou, , « .„ a"? ^ **" *" ' 2 » 

SS "" k '" 8 a8en ' " f ™m poly^,,^,, ^., attV 
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m =,h^a,e, a c^ mi de, me , haco „ an „. tearii)m 

acryl.te and tuethaeryla,, cross , f"rZ 8 aSe "' S - SUta, " e 

> «W. ,Cd,c.„ediol. ,, s . OCIanedioN , , ^ **• nols and ttlraols , ha , 

2-.nrf.ol, e,hylene glveol , dje|hv bUtM=dK "- ^-°™«diol, M . bu ,. 

» <. «» ^ o. coon atoms This „ " ' 1 « 

- A. rih, of broade „ ing , he glass ., 0 . rabber m „X on l Cr0SS,i,,ktr " S ° 

foam comaming only the fin, type of crosslinker will ,. ,v P ™pl„y cd . Th 

» b. «»l if higher resilience „ ^ „d ~ * * " .ransi,i„„ tha.can 

^nd,„ g „„, neshapeandmaximiim . niii . . . glve „ , empersture 

crosshnker serves to broaden,!,. translti< ,„ .„„ „ ,. , '" 8 *» of *• second 

changed. ransition, even if the actual transition temperature itself has not 

The major portion of the oil phase of the Hipp, „•„ 
".onomers, comonomers and crosslink,,* ag.„, s „ „ "T ** ""^""""^ 
con,„„„m ers „ d cross|inkjng enis . «"n.,., lha , , he „ 

soluble in th, ol, ph.se and no, ,h e ^ ph«e u7„f " *" 

appropriately chemically stable 7T. ese mo „n " SUhaf " y n0lMoxic "d 

poly m eri 2ati on f oam processing wd/or ux " ° W r£S,dua ' "ncentrat.ons during po S r- 
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Another essential component of the oil phase of the HIPF S k *n 

. .o abo„, 3 dy „e,em; (J) provide . critica , conMntrat ^ r m .* b ° U ' 

preferably abo„, , «, o, less; ,4, form H ,P Es tha, are sufficit „, y 2 " ' 

polymerization temjwiiure,); a „d ( 5 ) desirably have a h,.h * 

T - c 0 „, tapable of , j r , 8 ,JL^:;::r::rj:;:r M> 

Ph.se, of *e rare. White no, being bound by ,he„ry. „ is bebev.d ,ha, he 

in,erfaeia,,y ac,ive component needs ,„ be sufficient! hi gh ,„ ^ ^".7^" " 

monoiayer coverage ,o intern,, oi, pb a se drop,e K al ,be preferred d ro p si e ^IT"^ 

™<al,y. ,h.se P ,imary emu,sir,.rs: m b ave mc , a J " J"* 
crys,a„i„e pW.ransidon ..matures of abou, 30 . c „ ,1 . ^ «**»*<"- 
. ^an.i.iiy w insolu b,e or . Ieas , d „ no, „ ly ^™ ^™ « 
,he co„di,i„„s of us.. „ is prefer^ , hat ^ prin , ary emuk ,. fier pn)vide tZ , T, 
when snread on . hydrophobic surface ( ..g.. the P o,ymeric f„ am) JZ^IT * 
angie for sy.hetic urine is ,ess than <p,efer.b,y subs™,,,,,, TC^^TTTr 
_e„, for ,PT and CAC is described in ,be TEST METHODS ^ ,Le™ eo tes 
pnmary .mu,s„iers a |so preferably hydropbilize ,be resulting po, ymeric J m ™! ' 
emnhifiers typically comprise a , leas, abou, 40°/, preferably a, ZZZ Z' """" 

C,6-C 2 4 fan>- acds, hnea, u„sa,ura,ed C, 6 -C„ fany a cids, or linear sarura,ed c„ C, " ,1 
acds, such as digiycero, monooleat. ( i,„ diglyeero, mongers of CIS:, f a try a eids 1 ^ 
rnonor„yris, a ,e, di 8 ,ycero, monoisos,ear„e, and di g ,ycero, mo„oes,ers of ^1 2 
sorbrun monoesters of branched C 16 -C 24 fany acids, linear unsaved c ° , £ ' 
and „n.ar sautrated C 12 .C 14 fatty acids, such as sorbin monoolea,e sorh , ' 
and sorbiun m „„oes,ers derived from coconn, f any acids ^"7 r n ° m>,riS,a,e ' 

:rr c r CM ~ c — --tr c:::: re of 

alcohols. a „d m«mres of ,hes. emubifying componems. The preferred prima™ , r 
diglyc.ro, monoole.,. (e . g ., ereattr ^ ^ are 

abou, 50 ,.. mos,pr.f.rab,y greyer „a„ abon, 70V.dig,X 1^,., K " 
<«.g., pr.f.rab,y grea,.r ,han abon, 40V.. more £LlZTl S" 7°°'™ 
prefers g,ea,er „an abon, ,0% so,bi,an monocle, and ^ 
« — .an abo., 40-, more preferabiy greater ^^1^ 
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greater than about 70% diglycerol monoisostearate). 

Diglycerol molesters of linear saturated, linear unsaturated and branched farrv acids 
useful as emulsifiers in the present invention can be prepared by esterifying diglycerol wj'th fattv 
ac.ds, using procedures well known in the an. See. for example, the method for preparing 
5 polyglycerol esters disclosed in U.S. Patent 5,387,207 (Dyer et al.) issued February 7 ,995 
wh.ch .s .ncorporated by reference. Diglycerol can be obtained commercially or can be' 
separated from po.yglycero.s that are high in diglycerol. Linear saturated, linear unsaturated and 
branched fatty acids can be obtained commercially. The mixed ester product of the esteriflcation 
reaction can be fractionally distilled under vacuum one or more times ,0 yield distillation 
10 fractions that are high in diglycerol monoesters. 

Linear saturated, linear unsaturated or, branched diglycerol monoaliphatic ethers can also 
be prepared and their composition determined using procedures well known in the art See also 
U.S. Patent No. 5,500.45. issued March .9. 1996 by Goldman et al. which is incorporated by 
reference. J 

Sorbitan esters of linear, branched, and unsaturated fatty acids can be obtained 
commerc.atly or prepared using methods known in the art. See, for example US Patent 
4.103,047 (Zaki et al). issued July 25, 1978 (herein incorporated by reference), especially column 
4, Ime 32 to column 5, line 13. The mixed sorbitan ester product can be fractiona.lv vacuum 
d.st.lled to yeld compositions that are high in sorbitan monoesters. Sorbitan ester compositions 
can be determined by methods well known in the art such as small molecule gel permeation 
chromatography. See copending U.S. application Serial No. 08/514.346, which describes the use 
of this method for polyglycerol monoaliphatic ethers. 

In addition to these primary emulsifiers. secondary emulsifiers can be optionally 
mcluded in the emulsifier component. These secondary emulsifiers are at least cosoluble with 
the primary emulsifier in the oil phase and can be included to: (I) increase the stability of the 
HIPE against coalescence of the dispersed water droplets, especially at higher water-to-oil ratios 
and higher HIPE formation and polymerization temperatures, (2) modify the minimum IFT 
between oil and water phases to within the range of from about 0.06 to about 5 dyne/cm (3) 
lower the CAC of the emulsifier component, or (4) increase the concentration of interfacially 
act.ve components. Suitable secondary emulsifiers can be zwitterionic tvp es , including the 
phosphatidyl cholines and phosphatidyl choline-containing compositions such as the lecithins 
and aliphatic betaines such as lauryl betaine; cationic types, including the long chain C 12 -C-, 2 
dialiphatic. short chain C,-C 4 dialiphatic quaternary ammonium salts such as ditallow dimethyl 
ammonium chloride, bistridecyl dimethyl ammonium chloride, and ditallow dimethvl 
ammonium methylsulfate. the long chain C I2 -C 22 dialkanoyl(alkenovl)-2-hvdroxyethvl short 



WO 97/32612 



27 



PCIYUS97/02668 



chain Cj-C^j dial iphatic quaternary' ammonium salts such as ditallowoyl-2-hydroxyeth>l 
dimethyl ammonium chloride, the long chain C jo-Cot dialiphatic imidazolinium quaternary 
ammonium salts such as methyl- i -tallow amido ethyI-2-tallow imidazolinium methvlsulfate and 
methyl- 1-oleyl amido ethyl-2-oleyl imidazolinium methylsulfate, the short chain Cj-C^ 
5 dialiphatic, long chain C]2*C22 monoaliphatic benzyl quaternary ammonium salts such as 
dimethyl stearyl benzyl ammonium chloride and dimethyl tallow benzyl ammonium chloride, the 
long chain Cj2*C22 dialkoyl(aIkenoyl)-2-aminoethyl, short chain C1-C4 monoaliphatic, short 
chain C1-C4 monohydroxyaliphatic quaternary ammonium .salts such as ditallowoyi-2- 
aminoethyl methyl 2-hydroxypropyl ammonium methyl sulfate and dioleoyI-2-aminoethyl 
methyl 2-hydroxyethyI ammonium methyl sulfate; anionic types including the dialiphatic esters 
of sodium sulfosuccinic acid such as the dioctyl ester of sodium sulfosuccinic acid and the 
bistridecyl ester of sodium sulfosuccinic acid, the amine salts of dodecylbenzene sulfonic acid; 
and mixtures of these secondary emulsifiers. These secondary emulsifiers can be obtained 
commercially or prepared using methods known in the art. The preferred secondary emulsifiers 
are ditallow dimethyl ammonium methyl sulfate and ditallow dimethyl ammonium methyl 
chloride. When these optional secondary emulsifiers are included in the emulsifier component, it 
is typically at a weight ratio of primary to secondary emulsifier of from about 50:1 to about 1:4, 
preferably from about 30: 1 to about 2: 1 . 

The oil phase used to form the HIPEs comprises from about 85 to about 98% by weight 
monomer component and from about 2 to about 15% by weight emulsifier component. 
Preferably, the oil phase will comprise from about 90 to about 97% by weight monomer 
component and from about 3 to about 10% by weight emulsifier component. The oil phase also 
can contain other optional components. One such optional component is an oil soluble 
polymerization initiator of the general type well known to those skilled in the art, such as 
described in U.S. patent 5,290,820 (Bass et a[), issued March I, 1994, which is incorporated by 
reference, 

A preferred optional component is an antioxidant such as a Hindered Amine Light 
Stabilizer (HALS) such as bis-(l,2,2,5,5-pentamethylpiperidinyl) sebacate (Tinuvin-765®) or a 
Hindered Phenolic Stabilizer (HPS) such as Irganox-1076® and t-butylhydroxyquinone. 
Another optional component is a plasticizer such as dioctyl azelate, dioctyl sebacate or dioctyl 
adipate. Other optional components include fillers, colorants, fluorescent agents, opacifying 
agents, chain transfer agents, and the like. Certain of these components may be incorporated 
selectively within one oil phase or the other wherein two oil phases are used to form the 
heterogeneous HIPE and subsequent foam as described hereinafter. 
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-* Water Phase Components 
The discontinuous water internal phase of the HJPE(s) is generally an aqueous solution 
containing one or more dissolved components. One essential dissolved component of the water 
phase is a water-soluble electrolyte. The dissolved electrolyte minimizes the tendency of 
5 monomers, comonomers, and crosslinkers that are primarily oi , solub|e to a , S(J ^ ^ 

water phase. This, in turn, is believed to minimize the extent to which polymeric material fills 
the cell windows at the oil/water interfaces formed by the water phase droplets during 
polymerization. Thus, the presence of electrolyte andjhe resulting ionic strength of the water 
phase is believed to determine whether and to what degree the resulting preferred polvmeric 
o foams can be open-celled. 

Any electrolyte capable of imparting ionic strength to the water phase can be used 
Preferred electrolytes are mono-, di-. or trivalent inorganic salts such as the water-soluble 
hal.des, e.g.. chlorides, nitrates and sulfates of alkali metals and alkaline earth metals Examples 
include sodium chloride, calcium chloride, sodium sulfate and magnesium sulfate. Calcium 
chloride is the most preferred for use in the present invention. Generally the electrolyte will be 
utilized in the water phase of the HIPE(s) in a concentration in the range of from about 0 2 to 
about 20% by weight of the water phase. More preferably, the electrolyte will comprise from 
about 1 to about 10% by weight of the water phase, and most preferably from about 2 to about 
5% by weight of the water phase. 

The HIPE(s) will also typically contain an effective amount of a polymerization initiator 
Such an initiator component is generally added to the water phase of the HIPE(s) and can be any 
conventional water-soluble free radical initiator. These include peroxygen compounds such as 
sod.um, potassium and ammonium persulfates, hydrogen peroxide, peroxyacetic acid, sodium 
perborate, potassium monopersulfate, sodium percarbonate and the like. Conventional redox 
initiator systems can also be used. Such systems are formed by combining the foregoing 
peroxygen compounds with reducing agents such as sodium bisulfite, L-ascorbic acid or ferrous 
salts. 

The initiator can be present at up to about 20 mole percent based on the total moles of 
polymerizable monomers present in the oil phase. More preferably, the initiator is present in an 
amount of from about 0.001 to about 10 mole percent based on the total moles of polymerizable 
monomers in the oil phase. 

3 - Hvdroohilir ing Surfactants and Hvdratable Salf< 
The polymer forming the HIPE foam structure may preferably be substantially free of 
polar functional groups. This means the polymeric foam will be relatively hydrophobic in- 
character. These hydrophobic foams can find utility where the absorption of hydrophobic fluids' 
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is desired, or where water resistance is desired (e , i„ niter" 
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the foam, and typically in the range of from about 0.01 to about 12%. preferably from about 0 01 
to about 5%. by weight of the foam. Treatment of these relatively hydrophobic foams with 
hydroph.l.z.ng surfactants (with or without hydratable salts) will typically be carried out to the 
extent necessary to impart suitable hydrophilicity to the foam. For example, the foams ma be 
5 washed in a solution of 0.5% Pegosperse 200 ML and 0.05% calcium chloride to produce a' 
completely wettable foam. Some foams of the preferred HIPE type, however are suitably 
hydrophilic as prepared, and can have incorporated therein sufficient amounts of hvdratable salts 
thus requiring no additional treatment with hydrophiHzing surfactants or hydratable salts In 
particular, such preferred HIPE foams include those where certain oil phase emulsifiers 
> prevously described and calcium chloride are used in the HIPE. In those instances the 
polymeric foam will be suitably hydrophilic, and will include residual w a «er-phase liquid 
containing or depositing sufficient amounts of calcium chloride to render the foam hydrophilic 
even after the polymeric foam has been dewatered or dried as described hereafter. 
B - Processing Conditions for Pho ning HIPF H^ rogenen , K Fn;imc 
Foam preparation typically involves the steps of: 1) forming two distinct high internal 
phase emulsions; and 2) either (a) combining the two emulsions prior to polymerization of either 
emuJ S1 on and then polymerizing the oil phase of both emulsions simultaneously, or (b) partlv or 
completely polymerizing the oil phase of one of the emulsions, combining the resulting polymer 
w.th the other emulsion, followed by polymerizing the second emulsion and the first emulsion if 
combined when partly cured. Alternatively, foam preparation my comprise 1) forming a single 
emulsion and rhythmically or continuously varying conditions such as shear rate, pour 
temperature, etc.; and 2) polymerizing the resulting emulsion. In either case, optional steps 
include 3) washing the solid polymeric foam structure to remove the original residual water 
phase from the foam and, if necessary, treating the foam with a hydrophiHzing surfactant and/or 
hydratable salt to deposit any needed hydrophiHzing surfactant/hydratable salt, and 4) thereafter 
dewatering this polymeric foam structure. 

The general procedures for HIPE formation, polymer curing, foam washing and foam 
dewatering are described in U.S. Patent 5,387,207 (Dyer et a!.) issued February 7, 1995 and U S 
Patent 5,149,720 (DesMarais et al), issued September 22, 1992, which are incorporated by 
reference. Though not specifically discussed in the U.S. Patent 5,387,207, the temperature of the 
aqueous wash solution can be important. It is generally desired that it be greater than the highest 
Tg of any distinct region of the foam. See also copending U.S. application Serial No 
08/370.694, filed January 10, 1995 by T. DesMarais (Case No. 5543) (herein incorporated by 
reference), which describes an improved continuous process having a recirculation loop for the 
HIPEs. The use of such a recirculation loop in preparing the present foams is primarily useful 
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when the distinct emulsions are poured from distinct mixing heads. 

IH. Uses of Polymeric Foams 
A. fn General 

5 Heterogeneous polymeric foams according to the present invention are broadly useful as 

in applications involving energy dissipation (e.g. acoustic and mechanical insulation), thermal 
insulation (see co-pending U.S. application numbers 08/472,447. filed June 7, 1995 by Dyer et 
al.. and 08/484,727, filed June 7, 1995 by DesMarais et al.. both of which are incorporated bv 
reference herein), filtration, and absorbent cores in absorbent articles. These foams can also be 
) employed as environmental waste oil sorbents, as absorbent components in bandages or 
dressings, to apply paint to various surfaces, in dust mop heads, in wet mop heads, in dispensers 
of fluids, in packaging, in shoes, in odor/moisture sorbents, in cushions, in gloves, and for many 
other uses. 

B. Absorbent Articles 

The heterogeneous polymeric foams of the present invention are particularly useful as at 
least a portion of the absorbent structures (e.g., absorbent cores) for various absorbent articles 
Use of the term "absorbent article" herein is meant a consumer product that is capable of 
absorbing significant quantities of urine or other fluids (i.e., liquids), like aqueous fecal matter 
(runny bowel movements), discharged by an incontinent wearer or user of the article. Examples 
of such absorbent articles include disposable diapers, incontinence garments, catameniais such as 
tampons and sanitary napkins, disposable training pants, bed pads, and the like. The absorbent 
foam structures herein are, particularly suitable for use in articles such as diapers, incontinence 
pads or garments, clothing shields, and the like. Structures of representative absorbent articles 
such as infant diapers are described in more detail in U.S. 5,387,207 (Dyer et al.) issued February 
7, 1995. The alternative materials and embodiments described therein are equally applicable to 
the present invention. 

Multi-layer absorbent cores can also be made according to copending U.S. Application 
Serial No. 08/521,556 (Gary Dean Lavon et al), filed August 30, 1 995 (Case No. 554 7R) (herein 
incorporated by reference), where the fluid storage/redistribution layer comprises an absorbent 
foam according to the present invention. One object of the present invention is to simplify the 
number of discrete layers of foam that must be used to form these multilayer composites. For 
example, a foam as depicted in Figure 13 with an acquisition type material in region 46 and a 
storage type material in regions 42 and 44 may be C-wra PP ed to deliver a multilayer design from 
a single piece of heterogeneous foam. Alternatively, a foam as depicted in Figure 14 wherein 
regions 52 and 56 are of suitable width, microstructure and surface area per volume to serve as 
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Preferred .opsneos for use in ,he presen, invention are se.ected from hi „ , oft 
ops «e,s and apenure formed film ,o„shee,s. Apenured formed films are especially pre r erred 
for ,he .opshee, because ,hey are pervious ,o body exuda.es and ye, „o,abso,be„, a, havT 
reduced tendency ,o allow fluids ,o pa S s back .hrough and rewe, ,he wearer's skin ,„ 
. «ta of .he formed fi,m ,ha, is i„ co„ UC , wi,h ,h, body remain, dry. .hereby reducing £ 
so, n g a„d e,=a„„g . more comfonable fee, for ,he wearer. Sui,ab,e formed fi, ms „ deLbed 
n U S. Patent 3 , 29 ,,35 (Thompson,, issued D^, }0 _ ^ p> £ 

(Mullane, e< al.). .ssued April 13, 1982; U.S. Parent 4J42.3I4 (Rade, el .1 > ;.. „ * 
.«* U.S. P.,en,4,« 3 ,045 (Ahr e, a,,, issued ^7,. „ 84; J£,"„£,\^T" ' 

• April, Each of.hesep.,en,s .re i„corpora,«d herein by reference'. ££££ 
m.croaperture formed mm ,„ p! hee,s are disclosed in U.S. pa, e „, 4. 6 09.5, 8 (CuTO e „ J 
Sep.cn.ber 2 .19,6 and U.S. pa.en, 4.62,.«3 (Curro e. „). issued December ,«. „ 86 w c 
^rpora.ed by reference. The preferred .opshee, fo, .he presen, invention „ lhe form JZ 
*»W ,n one or more of ,„e above patents and marketed on sani^ n a pki „ s by ^ p , mr 
<x Gamble Company of Cincinnati, Ohio as "DRI- WEAVE." 

n ' b0 * » rf "« ° f »>« Him topshee, can be hydrophi.ic so as ,o he,p ,i,„ id ,o 

Wer d,,ou g h ,he topshee, faster man if ,he body surface was no, hydrophilie so as , dimLi 
•he hkehhood ,ha. mental fluid will How off ,he topshee, ramer than flowing i„„ „ d b 
ahaorbed by ,he absorbent secure. In a preferred embodiment, surfacj ?J£2Z 
he polymenc mater-ls of the formed film topshee, such as is described in U S Pa 
Appl,ca„„„ Serial No. 07,794,745. "Absorben, Article Having A Nonwoven and Apenured F 1 
Covershee,- filed on November ,9, ,99, by A 2 i, e, a,., which is incorporated " 
Ahemanvely. me body surface of the topshee, can be made hydrophilic by treating i, w" a 
surfactan, such as is described in U, above referenced U.S. ,950,54. J^J^ 

well k T' " a V° " ta M " " " y My " ""ice (no, shown, 

well-known for such purposes. Preferably, pad ,0 is p,aced in ,he use* undergarri, o o al 
and secured m.r.,0 by a fasten., such as an adhesive. The adhesive provi Z 11 Z 

he backs,.., I , is co.,ed wim adhesive. Any adhesive or 8 ,ue used in the an fo, such ^ „s s 

2 » , T *"* — *■ —~ W preferred. Before 

P-IO . P ,.ced ,„ use, the pressure-sensitive adhesive is rypica„y covered wim a removal 
-elea e „„„ ,„ 0 ,d e , „ tep lhe adhesive ^ ^ _ „ °» 

cro.eh portion of lhe panry prior louse. e °mer man ,he 

in anorne, embodiment, an art.Ce containing a heterogeneous foam of the presen, 
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™ve„,,o„ , s . d ,s p0 s ab ,e diape , d . apers 

*• .-vemiou c a „ be made by usi „ g co „ vmIional "« '«» f 

^ useJ in conv „ liora , diapm wilh one or more - 

. various triple , a y er core c0 „ figuratio „ s „ " ^ ? ^ " 

diaper ,„, bodime „, of tht presen , invMijon is ^j* 4 ~ " 

drawtngs. Such , dilp er inc ,„ des an absorbe . . cv F 'S U « 1 1 of ,he 

•r- *- »• - » nuid r^ d :z:^::;r: ~ m 

, absorbent heterogeneous foan, suture of lbe prese „, inv „ IiM " ' 2 * ~— , an 
•n d co-extensive wit h „ face of , hc w Md a - »Perpos= d 

margina, rt. baclsh „, „ fcich < « < sids 

5 =o„ sm c, e di„.„ b o„ rElassronf!sura „. on diaper is preferably 

Another type of absorbent article which can utilize the >l»»h... r 

absorbent article. P for the form-fitting 

The flexible substrate which forms the chassis of the form-fitting article ca „ 
° r — ° r ^ *»* * ™ su b st rate or formed fi lms Z t 
othenv.se stretchab.e. Leg bands or waist bands of such training pants artic.es c t [ 
, conventiona, fashion to improve fit of the artic.e. Such a sublte J^ ^" 
re^ve, y ,i q uid- impervious, or at .east not readily Ii q u id-pervious, by treat „Tl oa 
surface thereof or by bating this flexib.e substrate with another .L^Il 6 ~ 
substrate to hereby render the total chassis re.ative.y ,i q uid-im P e^ " ^ ™ 
chassis itself serves as the for the forlfLg Z I T^TJ^T ^ 

products of this kind are described in US Patent 4 619 649 « u. 7- * ^ 

• • , . . ratent 4,619,649 (Roberts), issued October PR ios* 

wh.ch.s incorporated by reference. October 28, 1986, 

A typical form-fitting article in the form of a disposable training n*n,c a ■ 
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31 by adhesion aiong the periphera| ZQnes 

affixed to the outer layer 30. along the periphery of one 7 k T '"^ "' ning 31 ca " be 
*. other ,e g oand area 33, and a, „ 8 th e ^ 1 " ^ * ^ ^ of 
h - - - anie.e is a ^^t"^^^ ^ ^ 
heterogeneous foam structure of the present invention. . COm P™ng an absorbent 

C> Composite Fna^ 



As discussed abo.e, „ ume „ us 
d ' s ™''^o„swi,„i„ agive The stilled «r!' '° *">W< »f the 

* „ pertaemation : t '; reco8ni!e ■* - 

«e»end,ng on the desired end-use. As such nWh f 8 

evicted a „d disced in Figures l3 , ,/ ^ ^ f ™ -contents „e 

"vention is in w „ „ mi , cd [o i()cse embod . menK <»•"•> "O. intended tna, the scope of ,„ t 

*. for rapid action and t^Z^"?? «*» « w,„ 

- op,io„ al cm .o ut ^ , ha , be ^ Arena,, , in e s „ and 48 

«*. in a diaper. Alternatively, o, ' Z II T^" " " ^ " " — *« core 

1 — -M« which is 1 for raptl; '"'^ " -»»■ 

-» prefe^ ^pr^ re , ative|y sma **■ °- regions 52 and 56 

■»e — of the c™ spOTdi „ s «•-"• P-nt ,ea k3ge of n „,, from 

for a feminine hvgien, pa d, ou , e , 8 .A I f "' ! ""' S " As " <°« 

?~* ° f - censinto ^.Z^ 7 *" *» » 

spending side.,ea k a g e»,dfa ill „e R „„ cc<>nsllm[r Pr ° < "' Ct Whfch 

— withon, passing red blood „ d ^ « «"~ «« *c* free „.„ from , he 
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and lower region 74. This type of foam is particularly suitable as an absorbent material, such as 
a diaper, wherein upper region 72 is an acquisition material, and lower region 74 is a stora e 
material. A foam having regions layered in the z-direction can be formed bv pouringT 
emulsion to form region 74 in a mold, and simultaneously or sequentially adding a second 
i emulsion to form region 72. In a preferred embodiment, region 72 will have a relativelv lower 

specific surface area per volume than region 74, which will allow region 74 to drain fluid from 

region 72. 

IV. Test Methods 

Many of the test methods used require a larger sample of homogeneous material than 
may be present in the heterogeneous foams of the present invention. Measurement of the 
properties of the distinct regions must then be obtained by taking a sample of the distinct 
emulsion streams, curing them identically, and using them to determine the specific independent 
properties of the heterogeneous regions of the foam. 

A - Dynamic Mechanical Analysis (DMA1 

DMA is used to determine the Tgs of polymers including polymeric foams. Samples of 
the foams are sliced into blocks 3-5 mm in thickness and washed 3-4 times in distilled water, 
expressing the fluid through roller nips between each washing. The resulting foam blocks are 
allowed to dry in air. The dried foam slices are cored to yield a cylinders 25 mm in diameter. 
These cylinders are analyzed using a Rheometrics RSA-II dynamic mechanical analyzer set in 
compression mode using parallel plates 25 mm in diameter. Instrument parameters used were as 
follows: 

Temperature step from ca. 85°C to -40°C in steps of 2.5°C 
Soak intervals between temperature changes of 125-160 seconds 
Dynamic strain set at 0. 1 % to 1 .0% (usually 0.7%) 
Frequency set at 1 .0 radians/second 

Autotension set in static force tracking dynamic force mode with initial static force set at 

TTie glass transition temperature is taken as the maximum point of the loss tangent versus 
temperature curve. Tg is appropriately measured only on a homogeneous portion of the 
heterogeneous foam, or from a representative piece of homogeneous foam prepared under the 
same conditions as the region from the heterogeneous foam. 

B - Resistance to Compression Deflection fRTCD) 

Resistance to compression deflection can be quantified by measuring the amount of 
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10 



r de on ,he same -"«* — < y th ; re ; e ; ,,o f ; mea ~ are ^ picaIJ ; 

Expans.on Factor as described below. measure ™nt of Free Absorbent Capacirv and 

C Free Ah^rh. nf 

measure™,,, „f Resislance 10 c „ mpre Jl " °" " e Mn * oo„eur,,„, lv >vil „ , ht 



P««m Wtjot < Dy er « iss „ rf C >«M described ,■„ 

«P .ha,: (l) Ihe mo „ on ,„ 0- V* «. (here,, ^ra.ed by 

°'™>^»«"e (55% .echnica, 8ra de) <" P«Wr, 8 .he oi, phase conu ,. ns ' 

'FT. o, abo„, „ dyne/c „, wh *»> » grea.er lh5 

^^-^^nT^^"^^-^ *• '-cone™,™. 

| SUrficB " K »o Incerfacia, P k e„„ me „ a .. 2nd e „ . » '« *„„„, M 

* " «« « Che CAC. Ge„era.,y ! ,ra, *" a,e<, <=«"-P0„db g J 

•mulsifier a, 50 oc. °" ' s s "" « '«« abom rwiee the CAC of ihe 
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E - Capillar A Kc. Tt , on p re<< , lt ,. 
A capillar absorption isotherm curve is aenera,,* ■ 
Capaci,. test described in the TEST METHODS sectTon o^U S ''p ^ 
-ed February 7. ,995, w hich is incoiporated by ^ ^ ^7.207 (Dyer e( „ 

> The curve is . plot of the of £ J ' « 3'«C rather lnan 3^ 

the d.stance from the top of the water* reserve, 7^ ' '""^ ° f 
*■ The capi,| ar y abs ^, on pressure k l^; 0 '" se g ment f or the 

abSOrbe " tCa P a ^-^^or t hefoamsrree absorbent c^ly ^ *"» "« *« « 

10 V * Specific Fvampl^ 

These examples illustrate (he soec/fin ~ 

Examp le [ 

15 iUPEPrssarsxioo: ^m^M 

An aqueous phase is prepared containing the ingredient <h • 
Ph- « prepared using the i„ gre di ems shown *, ^ " ™- , . T . 0 o rganic 




Table 2. F irst Oreanic Pha^ 
p ™ ase imposition fnr HJPE 

:ethyihexyl acrvlate 




• Divinvl benzene in this and later tables is a special blenH 

4°% dlvfay, benzene. u„,ess otherwise specified ^ ** ^ - 

** Addition level of emulsifier and other adj- 



uvants to the oil phase are "add- 



Percentages: 
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monomer composition sums to 100%. 



Table 3. Second Organic Phase ComDosirion fnr wipp 


2-ethyIhexyi acrvlate 2 400 e 


40% 


di vinyl benzene 


3,600 g 


60% 


diglycerol monooleare 


360 c 


6%** 


Tinuvin 765 J 30g 


0.5% 
— , 



(T,uv,n 765 ,s b,s( .2 2,5 ) 5-pent ame »h y .pipen dinyI)s ebaca I e. This diglycero, m onooleate 
, emuls.fier ,s prepared following the genera! procedure for preparing P olv g , vce ro. esters 
descried in U.S. Patent 5,8,207 (Over et a,, issued Februa, 7, ^ ' 
cornposmon comprising approximately 97% or greater diglycerol and 3% or less .riglvcerol 
(Solvay Performar.ee Chemicals; Greenwich, Conn.) is esterified with fatty acids having a ' far* 
ac.d compos.t.on comprising approximately 71% C18:l, 4% CI8:2, 9% C16 I 5«/ D riA-n \ 
. MS «. fan, acid, (EmersoI-233LL. Em ,„, „ . polyglycerol:f ^ ^ ^ ^ 

T7* 6 ° :4!> - " Si " 8 SOdiUm h ^»» d « " • -*« - *« 225-C „„d„ «JL, of 
agfcuion. „ ilroee „ sparging, and incre , si „ g vacullm> 

phosphonc acd nemrafaion, coonn g ,o abou, 85'C, ,„d sen |i„ 8 , 0 red „„ ,„ e J, 

•hrough two CMS-I5A centring raoleclll „ slills „„„„,<„ „ ^ • '« 

untaacd polyglycro.s and far* acid, and ,„.„ re d is ,i„ e d tough the „ ilh „ yield disli||a , io „ 

'.^ K "" ,era "'" ° f "*"» » .«n,pe™.„ of ab0M ,,0-C 

Distillation ftacons high i„ d i glycero , ,„ ^ § • 

denned by ^ fluid C^a.ograph,, combing app ro x ta a« ly 50% di glyce „ 

T a — »»n„o,«a,e c mul! in„ i mp a„ s , minimom oil *JJ?£ 
■metfaca, K „ s , 0 „ v„ u e of .pp« ly ,. 0 dyne/cn, and ta a critical a ' " 

concentration of a P p,o, te . tely o., „%. A «„ „,i xi „ 8 . lhe „ ac , ion produc[ . a „ ow ; d e io g se ^ 

the HIPE. (About 20 g of a sticky residue is discarded.)) 

Separate streams of the two oil phases (25°C) and divided water phase are fed -to 
separate dynamic mixing apparati, described in more detail in U.S. Patent 5.387,207 (Dyer e, a..) 
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■ssued February 7. ,995. Appropriate mixing of ,he separate combined streams in lhe dynamic 
m.xmg apparati is achieved by means of separate pin impellers in separate mixina cvlinders 

Separate HIPEs are made from the two oil phases described above and separated streams 
of the common water phase (also above) and delivered into a vessel. ty pica „ v a round 
polypropylene tub. 17 in. (43 cm) in diameter and 7.5 in. (10 cm) high, with a concentric insert 
made of Celcon plastic which is rotating beneath the exit n0Z2 ,es of the two mixine chambers 
The mser, is 5 in. (12.7 cm) in diameter at its base and 4.75 in (12 cm) in diameter ants top and 
,s 6.75 in. (17.14 cm) high. The vessel is filled to about 0.5.1 inches from the top and the polvmer 
« cured in a room maintained at 65°C for up to ! 8 hours. The geometry of this specific filling 
scheme results in sequential layers of HIPE from the two nozzles being delivered on top of each 
other mak.ng in the resulting foam stripes of one region integrally meshed with stripes of the 
second, etc. region(s). Wherein the HIPE viscosity is high, an appropriately shaped spreader 
device may be attached to the exit nozzle to assure even delivery of the HIPE into the vessel 
The number of stripes formed is controlled by the rate of pouring as a function of the rate of 
tum.ng of the receiving tub and its volume, so as to deliver controllably foams that can be cut to 
prov.de foam composites illustrated in Figures 13 and 14, for example. The relative thickness of 
each stnpe ,s controlled by the relative rate of delivery of HIPE from each emulsion nozzle In 
thts speofic example, the HIPE stream from Table 2 is delivered at 10 Ib/min. with its dynamic 
p.n .mpeller operating at 1200 rpm and a pour temperature of 54°C at a wateroil ratio of 501 
using the triangular spreader on the exit to assure even distribution throughout the width of the 
rub (Region A). The HIPE stream from Table 3 is delivered at 5 Ib/min. with its dvnamic pin 
-mpeller operating at 400 rpm and a pour temperature of 66°C at a wateroil ratio of 100- 1 
(Region B). The result after polymerizing, drying and slicing is a foam having alternating slices 
with the properties described in Table 4. 



Table 4. 



Property 


Region A 


Region B 


Tg 


0°C 


70°C 


RTCD 


40% 


40% 


Density 


0.020g/cc 


0.010 r/cc 


Mean Cell Diameter 


40 jim 


120 urn 



Example 2 

inq of the Example 1 HIPEs to Form a Chemically HeterogPn^.c r,^ 

1IPE streams described in Example 1 are delivered to the receiving vessel at i 
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same rate and having been prepared using the same conditions of temperature and dynamic 
mixing. This produces a foam having heterogeneity of a chemical nature while having identical 
microcellular morphology and watenoil ratios. In a specific example, both streams are mixed at 
a water-to-oil ratio of 50:1 using the dynamic pin mixer rotating at 1200 rpm at a delivery rate of 
6.0 Ib/min. into the tub turning at 2 rpm. When cured and sliced as described hereinafter, this 
produces a foam as shown in Figure 14 wherein the different regions 40 and 42/44 have Tgs of 
0°C and 70°C and densities of 0.20 g/cc. 

Example 3 

MSvin p nf the Example 1 HIPEs to F"rm a Microstructurallv Heterogeneous Foam 
Two HIPE streams as in Example I are delivered to the receiving vessel using different 
conditions of temperature and dynamic mixing. This produces a foam having heterogeneity of a 
chemical nature and microcellular morphology. The watenoil ratio is preserved at 50: 1 for both 
HIPE streams to preserve the same density of the foam throughout. In the simplest example, the 
rates at which each HIPE is formed are identical so that the relative volume ratio occupied by the 
two chemically different HIPEs will be 50:50. The chemical compositional difference between 
the rwo HIPEs results after curing of a polymer having distinct regions where properties such as 
Tg, stiffness, resistance to compression deflection, and the like are different, as in Example 2. 
Additionally, the microstructural properties, e.g. cell size, of the distinct region in this case are 
different. The HIPE using the oil phase from Table 2 is produced as in Example 1. The HIPE 
using the oil phase from Table 3 is produced at a water-to-oil ratio of 50:1 using the dynamic pin 
mixer rotating at 400 rpm at a delivery rate of 3.0 Ib/min. into the tub turning at 2 rpm. When 
cured and sliced as described hereinafter, this produces a foamas shown in Figure 13 wherein 
the different regions 46 and 42/44 have the properties shown in Table 5. 



Table 5. 



Property 


Region 46 


Region 42/44 


Tg 


0°C 


60°C 


RTCD 


75% 


5% 


Density 


.020 g/cc 


.020 g/cc 


Mean Cell Diameter 


40 )im 


120 urn 



Numerous variations are possible, including one wherein the HIPEs so formed 
compositionally identical, e.g., each separate HIPE is made using the oil phase of Table 2. bi 
formed under different conditions to provide regions within the resulting foam of diffe 
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density an d mean cell diameters with the same chemical composition and Tg throughout. 

Example 4 

Forming a Heterogeneous Foam from a Single HIPE Stream 
5 In this example, a single HIPE is formed using the oil phase from Table 2 in a single 

mixing apparatus. During the course of filling the cylindrical tub, the shear applied is varied 
overtime. During the initial stages of the fill, the shear rate is 4300 sec" I, declining over time at 
180 sec" I/minute so that the emulsion formed on each successive rotation of the tub has been 
subjected to progressively less shear. At the end of the fill, the shear rate has declined to 1400 
o sec" 1 . (See copending U.S. application 08/520,793 (DesMarais, filed August 30. 1995) for a 
discussion of processing conditions that affect shear rate.) This results in a foam (after curing 
and slicing) such as that depicted in Figure 14 wherein layers 52 through 56 exhibit progressively 
larger cells. The foam of this example is further depicted in the micrographs of Figures 1-8. 

5 Example 5 

Forming a Heterogeneous Foam from a Single HIPE 
Stream Combined with Already Cured HIPE Foam Particulates 
In this example, a HIPE is produced from the oil stream in Table 3 at a waterroi! ratio of 
80:1, a dynamic mixer rpm of 400, at 6.0 !b./min. This HIPE is cured as before. The. resultant 
foam is ground into particulate pieces of foam approximately 2 mm in diameter. These pieces of 
foam still saturated with aqueous phase are then placed in the I7 M diameter tub described in 
Example 2-4 above, approximately half filling the volume of that tub. A second HIPE is 
produced from the oil pha_se of Table 2 at a waterroil ratio of 40:1, a dynamic mixer rpm of 400, 
at 6.0 Ib./min. This is delivered into the tub filled with the already formed HIPE foam and 
blended manually. This mixture is then cured as before. The resulting foam has the structure 
depicted in Figure 16 wherein the separated regions 64 comprise the higher Tg, stronger, lower 
density foam and the continuous region 62 comprises the lower Tg, more flexible, higher density 
foam. The density of the composite is 0.017 g/cc. The RTCD of this foam is higher than the 
RTCD of a homogeneous foam made from the oil phase of Table 2. An applied stress 
compresses the foam until the hard points of region 64 become substantially in contact, wherein 
further compression is resisted. The flexibility of this foam is higher than the flexibility of a 
homogeneous foam made from the oil phase of Table 3. Flexibility derives from the continuous 
region 62 in which the rigid foam elements 64 float without impairing flexibility. Surprisingly, 
a microscopic examination of foams so made reveals no obvious structural defects at the 
interface between region 62 and regions 64. (See Figure 19, which is a photomicrograph 
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believed to be taken at the interface of region 62 and at leas: one discrete region 64.) The skilled 
artisan will recognize that because no obvious structural defects are observed at the interface 
between continuous and dispersed regions, certain process described herein (particularly this 
Example 5) may be useful in providing a homogeneous foam made with varying amounts of 
previously formed scrap foam. That is, the pieces of foam referred to above would constitute 
scrap polymerized foam, and would be combined with an unpolymerized emulsion identical to 
that originally used to form the scrap foam. Prior to the present invention, such a process would 
not have been deemed useful to provide homogeneous foams, that include preformed scrap 
material. 

In an alternative embodiment for forming a heterogeneous foam of the present invention, 
two or more HIPEs can be combined with the preformed particulates to provide multiple 
continuous regions having dispersed therein rigid foam elements. 

Example 6 

A diaper is constructed in accordance with Example II of U.S. Patent 5.387,207 (Dyer et 
al.) issued February 7, 1995, using as the absorbent storage/distribution layer a heterogeneous 
foam of any of Examples 1 to 5, above. 



Example 7 

Catamenial Pad Made with Heterogeneous Foam 
A foam is prepared essentially as described in Example 3 having thicknesses of the 
distinct regions based on different cell sizes being approximately 3 cm. The conditions of each 
region are shown in Table 6 below. 

Table 6 



Region 


RPM 


Pour 


J Approx. 


Width of 






Temperature 


Mean Cell 


Region (cm) 






(°C) 


Size (jim) 




1 


800 


66° 


50 


3 


2 


400 


66° 


120 


n 

j 


3 


800 


66° 


50 


3 



A continuous piece is sliced 3 cm thick and 9 cm width. The width is cut so as to contain 
the larger cell size region in the middle bounded on each side by a region of smaller cell sized 
material. (In practice, the smaller cell sized regions may be poured at such a rate as to make its 
thickness 6 cm so that pieces can be suitably cut from a wide sheet of such foam.) The 
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continuous piece is taken up on a roll and delivered to the pad making operation where it is 
folded into a "C'-shape by bending the outer 3 cm segments under the center 3 cm segment. The 
foam is then cut into a 20 cm length and placed into a pad under a topsheet and on top of a 
backsheet with appropriate adhesive application so as to secure it within the construction. This 
provides for a layer having faster fluid acquisition on top of a layer having greater capillary 
pressure which can effectively drain fluid from the upper layer as decribed in copending U.S. 
application Serial No. 08/542.497, Filed October 13, 1995 by Dyer et al (Case No. 5546R), which 
is incorporated by reference, but constructed from a sheet off a single roll. 

Example 8 

Tampon Made with Heterogeneous Foam 
A tampon is constructed from a foam that is prepared essentially as described in 
Example 3 having thicknesses of the distinct regions based on different cell sizes being 
approximately 3 cm. The conditions of each region are shown in Table 7 below. 



Table 7 



Region 


RPM 


Pour 


Approx. 


Width of 






Temperature 


Mean Cell 


Region (cm) 






<°C) 


Size (urn) 




] 


800 


66° 


50 


3 


-> 


400 


66° 


120 


3 



A continuous piece is sliced 1.5 cm thick and 6 cm width." The continuous piece is taken 
up on a roll and delivered to the tampon core making operation where it is shaped into a tube by 
curling Region 1 around Region 2. The foam is then cut into a 10 cm length and placed inside an 
outer fluid permeable topsheet with appropriate adhesive application so as to secure it within the 
construction. This provides for a layer having faster fluid acquisition outside of a layer having 
greater capillary pressure which can effectively drain fluid from the upper (outer) layer as 
decribed in copending U.S. application Serial No. 08/542,497, filed October 13, 1995 by Dyer et 
al (Case No. 5546R), but constructed from a single sheet off a single roll. 

Example 9 

A Heteroeepft""* Foam F or Use in Filtration. 
The foam of Example 4 is sliced to a thickness of 5 mm and washed in water to remove 
most of the residual salts and then dried. The continuous slices of foam are cut into pieces 10 cm 
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x 10 cm and reinforced with an outer cardboard outsert covering the outer 1 cm of the foam on 
both sides. This outsert protects the edges of the material. This piece is inserted into an air 
stream passing through a plenum. The coarser celled region entraps larger particulates and 
passes the air stream with relatively little restriction. The finer celled region entraps smaller 
> particles though it will pass the air stream with greater restriction to its flow. 

Example 10 

A Heterogeneous F oam for Use as Sound Insulation 

The foam of Example 5 is sliced to a thickness of 5 mm and washed in water to remove 
most of the residual salts and then dried. The continuous slices of foam are cut into pieces 20 cm 
x 20 cm. The edges of these pieces may be reinforced if needed as described in Example 9. 
These pieces are then secured to a wall separating a noisy device from a living space. Because 
the paniculate pieces embedded within this foam will somewhat selectively absorb one 
frequency and the continuous segment of this foam will somewhat selectively absorb another 
frequency, a broader frequency absorption profile will be obtained, similar to that which would 
be obtained from two laminated homogeneous foams made separately from these emulsions. 

Example 1 1 

Forming a H eterogeneous Foam from Three H1PE Stream-: 
Two HIPES streams are prepared as described in Example 1 from the oil phase described 
in Table 2. The oil is split into two streams, Stream A and Stream B, to be mixed separately 
into two HfPEs which are compositionally identical but which have different water droplet sizes. 
Stream A is mixed through a dynamic pin mixer operating- at 400 rpm at 66°C emulsion 
temperature at a watenoil ratio of 45:1 at 5 Ibs/min. Stream B is mixed through a dynamic pin 
mixer operating at 1600 rpm and 66 6 C emulsion temperature at a wateroil ratio of 60:1 at 10 
Ibs/min. Stream B is further divided equally into two streams. Rather than being delivered into a 
rotating tub as described in preceding examples, the three streams are delivered into a long 
rectangular bed with Stream A being delivered into the center of the sluice and Stream B being 
delivered into each outer third of the sluice. The rectangular bed is bed 45 cm wide and 30 cm 
deep on a moving web. The length of the bed is indefinite and can be a continuous loop. The 
portion of the bed filled with the HIPEs is moved gradually into an oven to maintain the 
temperature at 66°C suitable for curing of the HIPEs into a polymer. This produces a billet of 
HIPE foam of indefinite length from which segments may be cut suitable for use in diapers or 
catamenials and the like. 

In a preferred embodiment, hourglass-shaped diaper segments are sliced to appropriate 
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thickness (e.g.. 5 mm) and cut from the web along its width (the 45 cm dimension). These cut 
segments will have foam suited for rapid fluid acquisition in the crotch region of the diaper and 
foam suited for storage of the fluid in the back and front regions of the diaper. Fluid introduced 
into the crotch region will be pulled by capillary force into the front and back regions against the 
force of gravity. 
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1 . A heterogeneous polymeric foam structure of interconnected open-ceils obtained from 
at least one water-in^il emulsion, characterized in that the foam structure has at least two 

distinct regions. 

2. The heterogeneous foam of Claim I, characterized in that the distinct regions differ 
with regard to one or more of polymer density, polymer composition, surface properties or 
microcellular morphology; and further characterized in that the foam has an aggregate density 
of less than 0.05 g/cc. 

3. The heterogeneous foam of Claim 2 characterized in that the foam comprises a) a 
continuous region and discrete, unconnected regions dispersed in the continuous region; or b) 
the foam comprises at least two discrete, continuous regions. 

4. The heterogeneous foam of Claim 3 characterized in that each region comprises from 
10% to 80% of the foam's total volume. 

5. The heterogeneous foam of Claim 1, characterized in that one distinct region has an 
average hole size of from 1 to 7 um and a second distinct region has an average hole size of 
from 5 to 45 um, and further characterized in that the average hole sizes for the two regions 
differ by at least 20%. 

6. An absorbent heterogenous hydrophilic polymeric foam structure of interconnected 
open-cells, characterized in that the foam has at least two distinct regions that differ with 
regard to one or more of polymer density, polymer composition, surface properties, or 
microcellular morphology. 

7. The heterogeneous foam of Claim 6 characterized in that the foam comprises a) a 
continuous region and discrete, unconnected regions dispersed in the continuous region; or b) 
the foam comprises at least two discrete, continuous regions. 

8. The heterogeneous foam of Claim 7 characterized in that the volume of each region is 
from 10% to 80% of the foam's total volume and further characterized in that the dispersed, 
unconnected regions are made from essentially the same material having a Tg of from 30°C to 
95°C, the continuous region has a Tg of less than 50°C, and the Tgs for the continuous and 
dispersed, unconnected regions differ by at least 20%. 
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9. The foam of Claim 8. characterized in that the foam has at least two discrete, 
continuous regions, further characterized in that one distinct region has a capillary suction 
specific surface area per volume of at least 0.025 m 2 /cc and a second distinct region has a 
capillary suction specific surface area per volume of from 0.0075 to 0.06 m 2 /cc, and the 
capillary suction specific surface area per volume for the two regions differ by at least 20%. 

10. The foam of Claim 7 having a length and width and further having three distinct 
continuous regions, where the regions run longitudinally such that there are two outer regions 
adjacent a middle region, characterized in that the two outer regions have the same mean cell 
diameter, and wherein the middle region has a mean cell diameter that is at least 20% greater, 
preferably at least 50% greater, than the mean cell diameter of each of the outer regions. 

11. The polymeric foam of Claim 7, characterized in that the distinct regions differ in 
that: 

1) they are not formed from the same monomer components; or 

2) if formed from the same monomer components, the relative amount of at least one 
monomer component differs by at least 20%, preferably at least 35%. 

12. A heterogeneous polymeric foam structure of interconnected open-cells, wherein the 
foam structure has at least two distinct regions and is prepared by the process comprising the 
steps of: 

A) forming a first water-in-oil emulsion from: 
1) an oil phase comprising: 

a) from 85 to 98% by weight of a monomer component capable of forming a 
copolymer having a Tg of 95°C or lower, the monomer component 
comprising: 

i) from 20 to 70% by weight of at least one substantially water-insoluble 
monofunctional monomer capable of forming an atactic amorphous 
polymer having a Tg of 25°C or lower; 

ii) from 10 to 50% by weight of at least one substantially water-insoluble 
monofunctional comonomer capable of imparting toughness equivalent 
to that provided by styrene; 

iii) from 5 to 50% by weight of a first substantially water-insoluble, 
polyfunctional crosslinking agent selected from divinylbenzenes, 
trivinylbenzenes, divinyltoluenes, divinylxylenes, divinyl naphthalenes 
divinylalkylbenzenes, divinylphenanthrenes, divinylbiphenyls, 
divinyldiphenylmethanes, divinylbenzyls, divinylphenylethers, 
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divinyldipheny (sulfides, divinylfurans. divinylsulf.de. divinylsulfone, and 
mixtures thereof; and 
iv) from 0 to 15% by weight of a second substantially water-insoluble. 
polyiunctionaJ crosslinking agent selected from polyfunction^ acrylates. 
methacrylates. acrylamides, methacryl-amides, and mixtures thereof; and ' 
b) from 2 to 15% by weight of an emulsifier component which is soluble in the 
oil phase and which is capable of forming a stable water-in-oil emulsion, the 
emulsifier component comprising a primary emulsifier having at least 40% by 
weight emulsifying components selected from diglycero! monoesters of 
branched C J6 -C 24 fatty acids, linear unsaturated C 16 -C 2 2 fatty acids, and 
linear saturated C 12 -C 14 fatty acids; sorbitan monoesters of branched C, 6 - 
C 24 fatty acids, linear unsaturated C, 6 -C 22 fatty acids, linear saturated Cj 2 - 
Cj 4 fatty acids; diglycerol monoaliphatic ethers of branched C 16 -C 24 
alcohols, linear unsaturated C 16 -C 22 alcohols, and linear saturated C 12 -C I4 
alcohols, and mixtures thereof; and 

2) a water phase comprising an aqueous solution containing: (a) from 0.2 to 20% by 
weight of a water-soluble electrolyte; and (b) an effective amount of a 
polymerization initiator; 

3) a volume to weight ratio of water phase to oil phase in the range of from -»0-l to 
200:1; 

B) optionally forming a second, distinct water-in-oil emulsion which is different in at 
least one respect from the first emulsion; and 

C) either 

1) a) combining the first and second water-in-oil emulsions in a forming vessel 

prior to polymerizing the monomer components in the oil phase of either of 
the water-in-oil emulsions; and 
b) polymerizing both emulsions to form a polymeric, heterogenous foam; 

2) a) partly or completely polymerizing the monomer components in the oil phase of 

the first water-in-oil emulsion; 

b) combining the material from step C)2)a) and the second water-inoil emulsion; 
and 

c) polymerizing the second emulsion, and the first emulsion if combined when 
partly cured, to provide a polymeric, heterogeneous foam; or 

3) making only the first water-in-oil emulsion while varying the process conditions 
by which it is formed in a controlled fashion, either rhythmically or continuously, 
using a single emulsion forming head, to form a heterogeneous foam. 
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13. An absorbent article comprising a topsheet. a backsheet and an absorbent core 
positioned between the topsheet and the backsheet; characterized in that the absorbent core 
comprises the heterogeneous foam of any of Claims 6, 7, 8, 9, 10, 1 1 or 12. 

14. A process for making a heterogeneous polymeric foam structure of interconnected 
open-ceils, the process comprising the steps of: 

A) forming a first water-in-oil emulsion from: 
1) an oil phase comprising: 

a) from 85 to 98% by weight of a monomer component capable of forming a 
copolymer having a Tg of 95°C or lower, the monomer component 
comprising: 

i) from 20 to 70% by weight of at least one substantially water-insoluble 

monofunctional monomer capable of forming an atactic amorphous 

polymer having a Tg of 25°C or lower; 
it) from 10 to 50% by weight of at least one substantially water-insoluble 

monofunctional comonomer capable of imparting toughness equivalent 

to that provided by styrene; 

iii) from 5 to 50% by weight of a first substantially water-insoluble, 
poiyftinctionaJ crosslinking agent selected from divinylbenzenes, 
trivinylbenzenes, divinyltdluenes, divinylxylenes, divinylnaphthaienes 
divinylalkyibenzenes, divinylphenanthrenes, divinylbiphenyls, 
divinyldiphenylmethanes, divinylbenzyls, divinylphenylethers, 
divinyldiphenylsuifides, divinylrurans, divinylsulfide, divinylsulfone, and 
mixtures thereof; and 

iv) from 0 to 15% by weight of a second substantially water-insoluble, 
polyfunctional crosslinking agent selected from polyfunctional acrylates, 
methacrylates, acrylamides, rnethacrylamides, and mixtures thereof; and 

b) from 2 to 15% by weight of an emulsifier component which is soluble in the 
oil phase and which is capable of forming a stable water-in-oil emulsion, the 
emulsifier component comprising a primary emulsifier having at least 40% by 
weight emulsifying components selected from diglycerol monoesters of 
branched C[g-C24 fatty acids, linear unsaturated C\frC22 ** tt y acids, and 
linear saturated C\2-C[^ fatty acids; sorbitan monoesters of branched Cjg- 
C24 fatty acids, linear unsaturated C16-C22 fatty acids, linear saturated Cj2- 
C14 fatty acids; diglycerol monoaliphatic ethers of branched Cig-C24 
alcohols, linear unsaturated C[g-C22 alcohols, and linear saturated C12-C14 
alcohols, and mixtures thereof; and 
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2) a water phase comprising an aqueous solution containing: (a) from 0.2 to 20% by 
weight of a water-soluble electrolyte: and (b) an effective amount of a 
polymerization initiator; 

3) a volume to weight ratio of water phase to oil phase in the range of from 20: 1 to 
200:1; 

B) optionally forming a second, distinct water-in-oil emulsion which is different in at 
least one respect from the First emulsion, but which comprises materials and ranges 
selected from those listed in parts A)l) t A)2), and A)3); and 

C) either 

1) a) combining the first and second water-in-oil emulsions in a forming vessel 

prior to polymerizing the monomer components of either of the water-in-oil 
emulsions; and 

b) polymerizing both emujsions to form a polymeric, heterogenous foam; 

2) a) partially or completely polymerizing the monomer components in the oil phase 

of the first water-in-oil emulsion; 
n) combining the material from step C)2)a) and the second water-in-oil emulsion; 
and 

c) polymerizing the second emulsion, and the first emulsion if combined when 
partly cured, to provide a polymeric, heterogeneous foam; or 

3) making only the first water-in-oil emulsion while varying the process 
conditions by which it is formed in a regular fashion using a single emulsion 
forming head. 
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